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THIS IS THE TALLY TOTAL TAPE TEST! - 


. 

We don't put every Tally 420 Perforator 
through its paces by knocking the paper 
out of eight hundred rolls of tape. But 
once in a while, to recheck the outstand- 
ing reliability of these perforators, they 
get an extra session in the back room. 
In this test we perforated 80 million char- 
acters. When the tape was read back on 
a Tally Mark 20 Verify/ Duplicate System, 
we found only one error per million 
characters. 

Now, this wasn't a bad test of the Tally 
reader either. It not only read back tape 
accurately at up to 120 characters per 
second, but blithely ignored dirt, dust, 
grease and grime. 

One last thought: If you think the 420 
is a paper tiger, you ought to see the 


P-150 perforator. It devours paper tape 
at 150 characters per second with even 
higher accuracy. And, by sensing:the 
motion of the punch pins, it detec tts. its 
own errors! e 

For the full story write for a copy 

of our new catalog. Address 
| Tally Corporation, 1310 Mercer 
St., Seattle, Washington 98109. 
In the U.K. and Europe, address 
H. Ulijohn, Tally Europe Ltd., 
Radnor House, London Road, S.W., 16, 
Norbury, Surrey, England. 
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<EPCO FLUX-O-TRAN: | 
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SIZE B 


$99. 


ALL MODELS 


ALL MODELS 
CASED 


UNCASED 





The PRM Design Group comprises high power modules 
incorporating the Kepcp patented “Flux-O-Tran” line regu- NE IU ee oa 
latifg transformer. New in form but mature in engineering ad ian ir i: 
background, these modular power supplies make Kepco 

quality available for fixed voltage applications in: your 
own product or system. Mounting choices include chassis, 
bench or rack panel arrangements . . . all at low cost. 














































+ 1*^ line régulation fer 115+15V AC line variations 
7 20°C to + 55°C ambient operating temperature 
Patented "'Flux-O-Tran"t line regulating transformer 
Convection cooling ™ Short circuit proof 

All silicon rectifiers ™ 50 cycle models available 
Custom voltage and current ratings available 


SIZE A models available cased or uncased. To specify 
cased model: add suffix "C" to model number and add 
$10.00 to uncased price. SIZE B models cased only 
































1 Patent Nos. furnished on request 











— * Measured at 115V AC Line 
See our complete Catalogin M. Poeta 





For complete specifications on more than 275 standard- 


eem E o. GBE "EI ine. — -- : model power supplies, send for NEW CATALOG B-648. 
131-38 SANFORD AVE ,FLUSHING, N.Y. 11352 + Phone: (212) IN 1-7000 - TWX +212-539-6623 - Cable: KEPCOPOWER NEWYORK 
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WIDE DYNAMIC RANGE 


(up to 3 times full scale) 





BACKED-UP 
BY FAST 
AUTORANGING 


(< 6 milliseconds/range) 


The wide dynamic range offered by the new DY-2401C Integrating Digital Volt- 
meter from Dymec lets you measure signals up to three times full scale. It has 5 
ranges with highly accurate 300% overranging on the most sensitive 4. Get the 
convenience of one-setting measurements in the much-used 1-to-3 area (e.g. 3 volts 
on the 1 v range, 30 v on the 10 v range, etc.) A 6th digit displays the most 
significant figure. 

Should the measured signal exceed 310% of range setting, overload circuitry 
changes range to 1000 v and tells you your dvm is overloaded. 

The autoranger available for the solid-state DY-2401C requires only 6 milli- 
seconds per range to change and lets you take successive readings at opposite 
ends of the measuring range with <34 milliseconds range-change time. This is the 
fastest autoranger available. For data acquisition system applications, this means 
less time changing range, therefore less per-channel time. 

Not only are you able to range the 2401C, but you can also set the sixth (10 
mv) range provided by the accessory DY-2411A Preamp. When using the DY-2410B 
AC/Ohms Converter, you can automatically change ac and resistance ranges. 

Increases or decreases in signal magnitude are precisely tracked, range is 
changed where necessary and only the correct answer is displayed. With noisy 
signals, no waiting while the meter hunts for the answer, and no bad guesses or 
indecision. You get the right answer the first time. 

DY-2401C improvements include a new reversing counter—you can accurately 
measure signals in the zero region, even with positive/negative going noise on 
the signal. No zero fold-over problems. You also get higher instrument accuracy: 
Now 0.01% of reading, +0.005% of full scale +1 digit (at 25°C). 

DY-2401C, $3950; autoranger adds $250. 

Call your local Hewlett-Packard field engineer for information and complete 
specifications, or write direct to Dymec, 395 Page Mill Road, Palo Alto, California 
94306. (415) 326-1755. Data subject to change without notice. Prices f.o.b. factory. 


HEWLETT & 
PACKARD 
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O. A. Barista, Colloidal Macromolecular Phenomena 151 


Born in Ontario, Canada, and an Honors Graduate in Chemistry of McGill University, 
Montreal, Dr. Battista’s research activities have been successively with Courtaulds 
(Canada) Limited, the Pulp and Paper Research Institute of Canada, American Viscose 
and, most recently, with FMC Corporation in Princeton, N. J. He is Manager of In- 
terdisciplinary Research in the Central Research Laboratory of the Corporation. The 
author of numerous books and articles for national magazines, a holder of domestic and 
foreign patents, his refearch in cellulose chemistry led to Avicel microcrystalline cellulose, 
a new product in commercial production by FMC Corporation at Newark, Del. Address: 
FMC Corporation, Princeton, N. J. 08540. 





A Report BY AN AAAS COMMITTEE ON SCIENCE IN THE 
' , PROMOTION or Human WELFARE, The I nlegrity of Science 174 


Responsibility for statements of fact and expressions of opinion contained in this report 

* rests with the committee that prepared it. The AAAS Board of Directors, in accordance 

n with Association policy and without passing judgment on the views expressed, has ap- 

proved its publication as a contribution to the discussion of an important issue. AMER- 

-ICAN SCIENTIST provides the medium for publication of the Report under the same condi- 
.tions as are set forth by the AAAS Board of Directors. 

Members of the Committee during the preparation of the report are: Barry Com- 
moneg, Washi n University (Chairman); Robert B. Brode, University of California, 
Berkeley; T. C. Byerly, United States Department of Agriculture; Ansley J. Coale, 
Princeton University; John T. Edsall, Harvard University; Lawrence K. Frank, 18 
Goden St., Belmont, Mass.; Margaret Mead, American Museum of Natural History; 
Walter Modell, Cornell University Medical College; William T. Kabisch, AAAS staff 
representative; and Gorman L. Mattison and Sheldon Novick, administrative assistants 

-to the Committee. 

Preprints and reprints may be obtained from Public Understanding Department, 
American Association for the Advancement of Science, 1515 Massachusetts Ave. N. W., 
Washington, D.C. 





AMERICAN SCIENTIST is published quarterly (March, June, September, December) by the 
Society of the Sigma Xi. Office of Publication: Mack Printing Co., 20th and Northampton Sts., 
Easton, Pa. © 1965 by the Society of the Sigma Xi. 

Second-class mail privileges authorized at Easton, Pa, Additional entry at the New Haven, Conn., 
post office, December 9, 1943. This publication is authorized to be mailed at the special rates of 
postage prescribed by Section 132.122. 
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Garrert C. Croucu, Lemmings and Population Problems 199 


` A visiting research fellow in the Department of Conservation of Cornell University for 


1964-65, a Ph.D. in Zoology in the University of Wisconsin in 1962, here records his 
observation of lemmings and voles during a season in Norway, sponsored by the U.S. 
Public Health Service and the Norwegian State Game Research Institute. A graduate of 
Union College in 1953, his experience includes teaching and research assistantships in 
the University of Wisconsin and an assistant professorship in Dalhousie University, 
Halifax, Nova Scotia. As of June, 1965, Dr. Clough will take up an appointment as 
Assistant Professor of Zoology, University of Rhode Island, Kingston, R. I. e 
Norman H. CROMWELL, Chemical Carcinogens, Carcinogenesis 

and Carcinostasis 213 
Regents’ Professor and Chairman of the Department of Chemistry in the University of 
Nebraska, Lincoln, Nebr., 68508, a Sigma Xi-RESA National Lecturer for 1963-64, 
Dr. Cromwell has been interested in medicinal chemistry, especially carcinogenesis and 
cancer therapy, since World War II. He serves as a consultant to the pharmaceutical 
industry, the American Cancer Society and, since 1952, to the U.S. Public Health 
Service. A B.S. in chemical engineering, with honors, at Rose Polytechnic Institute, in 
1935, he took his Ph.D. in chemistry at the University of Minnesota in 1939 and has 
been with the University of Nebraska since 1939, becoming Regents’ Professor in 1960. 


Davip R. PILBEAM, AND Etwyn L. Simons Some Problems of 
Hominid Classification 237 


Mr. Pilbeam received his A.B. degree in Natural Science and Anthropology from Cam- 
bridge University with First Class Honors with Distinction. For the last two years he 
has been at Yale University where he is at present a Sterling Fellow participating in the 
primate research program directed by Professor Simons with whom he co-authors this 
study. Now Associate Professor of Geology and Curator of Vertebrate Paleontology at 
Yale University’s Peabody Museum, Dr. Simons holds degrees from Rice and Princeton 
Universities, and University College, Oxford. He has published widely on the evolution 
of vertebrates from pantodonts to primates, based on studies conducted on three con- 
tinents. 


C. M. Sureecevicu, Liquefied Natural Gas—A New 
Source of Energy-Part 1: Ship Transportation 260 
A transfer student from Montana State College to the University of Michigan in 1939, 


a B.S. in 1941 and a M.S. in Chemical Engineering in 1942, Dr. Sliepcevich obtained, 


his Ph.D. in 1948 after a period of years devoted to classified research during dhe war. 
In 1951, he became an Associate Professor of Chemical and Metallurgical Engineering 
at the University of Michigan, and, in 1955, became Professor and Chairman of Chem- 
ical Engineering at the University of Oklahoma at Norman, Okla. Since 7958 he has been 
Chairman of the School of General Engineering. In this Sigma Xi-RESA National 
Lecture, 1961-62 series, he describes equipment and process design for liquefaction and 
transporation of cryogenic fluids, notably liquefied natural gas. 


Su-snu Huane, Perspectives No. I—Life in Space and Humanity on 
the Earth, An Essay Review 288 


On leave of absence from Northwestern University for the academic year 1964-65, 
Professor Huang is serving jointly as Professor of Astrophysics at The Catholic Uni- 
versity of America and as a research astrophysicist at Goddard Space Flight Center. 
In this essay review, he returns to the problem of Occurrence of Life in the Universe on 
which he wrote in AMERICAN ScrENTIST in 1959. His present research interests include 
the interrelationships among binary systems, rotating stars, and planetary systems. Ad- 
dress: Until September, 1965—Division of Space Science and Applied Physics, The 
Catholic University of America, Washington 17, D.C. Subsequently, Northwestern 
University, Evanston, Ill. 
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Digital Thermometer/ Temperature Controller 
O. C accuracy’ from -I92.0C to +999.9C 


features: 

e High absolute accuracy 

è Direct reading 

e Easily calibrated 

èe Fully automatic operation 

* Outputs for control, 
recording, or telemetry 

* Modular construction 

è High reliability 


The PAR Model DTS-1 offers a 
new order of reliability, conveni- 
ence, and accuracy in laboratory 
and process control thermome- 
try. The unit operates by com- 
paring the resistance of a sensor 
element of platinum (the ma- 
terial whose characteristics de- 
fine the International Tempera- 
ture Scale) with an internally 
generated reference function 
which employs a unique resist- 


ance analog network** that pre- 
cisely duplicates the tempera- 
ture-versus-resistance change of 
platinum. This method allows an 
absolute accuracy* of 0.1°C to 
be achieved. A modified self- 
balancing Kelvin bridge elimin- 
ates sensor lead resistance 
errors, permitting precise remote 
temperature monitoring. 

In addition to the direct visual 
readout, measured temperature 
information is available in binary 
coded or 10-line decimal form 
for printer or computer input as 
well as in pulse code modulated 
form for telemetry applications. 
For temperature control or strip- 
chart recording applications, an 
analog signal is provided which 
is proportional to the difference 
between the measured tempera- 
ture and the desired temperature 


*Subject to operating range of actual sensor used. 


selected by front panel thumb- 
wheel switches. 


All circuits use solid state 
components except the compara- 
tor amplifier where two miniature 
nuvistor tubes are used to ob- 
tain high input impedance and 
the reference function genera- 
tor where mercury-wetted relays 
are used. The entire Kelvin 
bridge, including the resistance 
analog network, is isothermally 
enclosed to assure a high degree 
of accuracy and good long-term 
stability. Rugged modular con- 
struction, utilizing printed cir- 
cuit boards, contributes to re- 
liable performance and extended 
service-free life. 


Price: $3,950.00 (excluding 
probe). Write for Bulletin #118. 


PRINCETON 


APPLIED RESEARCH CORP. 
Dept. C 
Box 565, Princeton, New Jersey 


**Patent Pending 


Es Une EJ didi 


e ©: 
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S. GuvCksnEna, Perspectives No. II—The Problem of 
Human Thought, An Essay Review 299 


In this second essay review, Dr. Glucksberg, an Assistant Professor in the Department 
of Psychology at Princeton University, and a Consultant to AMERICAN SCIENTIST, 
surveys three very different books in which the thinking process is central to each. 
A B.S. from City College of N.Y. and Ph.D. from New York University in 1960, he 
came to Princeton after a tour of duty as Captain in the U.S. Army, where he directed 
a research s€ction of the Human Engineering Laboratories at Aberdeen Proving Ground. 
His current researches are concerned with memory, thinking, and the development of 
communication processes in children, this latter research in collaboration with Dr. R. M. 
Krauss of Bell Tefephone Laboratories. 


CHARLES E. PEPPER, A New Way to Teach Science in 
Secondary Schools 163A 


A former New York Times man, Charles E. Pepper earned his A.B. at Antioch College 
and his A.M. at Columbia University. He is at present employed in the Public Informa- 
tion Department of Princeton University. He was formerly editor and publisher of The 
Critlenden Press, a weekly, in Marion, Ky. His present article is reprinted, by permission, 
from University: A Princeton Quarterly, Spring, 1965 © by Princeton University and 
records an experiment in science teaching by Wayne Nelson at Princeton High School 
and in 59 other centers in eight regions of the country. The course “Time, Space, and 
Matter" is being tested under the supervision of the Geology Faculty of Princeton Uni- 
versity with our Associate Editor, Dr. Sheldon Judson, as chairman of the project's 
advisory committee. 
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Pi *DESCRIPTION 


New Solid State Operational Manifold! 
For a wide variety of feedback opera- 
tions, use its four plug-in all-silicon 
Philbrick Differential Operational Am- 
plifiers and self-contained power sup- 
ply with simplicity, accuracy, economy, 


Highly versatile, the new Philbrick Model 
MP benefits greatly by the inherently high 
reliability, small size, low drift and noise, 
light weight, and low power requirements 
of all-silicon solid state amplifiers. It con- 
tains: a Philbrick Model OSPR-30 power 
supply; a captive line cord, a jack panel on 
which circuitry may be conveniently as- 
sembled; a pair of accessory sockets for 
Philbrick SP-sized plug-in operational 
units, such as the PSQ Quadratic Trans- 
conductor; and four plug-in differential 
operational amplifiers. “Starter kits" of tip 
jack hardware and passive electrical com- 
ponents are available for the new user at 
small additional cost. Though Model MP 
is normally furnished with four economical 
Model P65AU amplifiers, any perngitation 
or combination of Philbrick P-size ampli- 
fiers may be used. The amplifiers can be 
interchanged instantly to fit the needs of 
any given application. Model MP is sturdily 
built, attractively packaged, and wired to 
Philbrick's usual high standards of quality. 
The simple sheet-aluminum enclosure with 
clear iridite finish on the pancl provides 
effective shielding and solid mounting of 
electrical components — Dimensions are 
1134” wide x 7%” deep x 434" high. 

e Price $425.00 equipped with 4 P65AU and 
OSPR-30. 





Ala.: Huntsville 536-8393; Ariz.: Phoenix 265.3625, | scribed in Philbricks many appli- 
Cal: los Angeles 937-0780, Palo Alto 326-9800, San | Cations publications also can be 
Diego 222-1121; Colo.: Denver 733-3701; Conn.: Strat- constructed with the Model MP. 

ford 378-0435; Fla.: Ft. Lauderdale 564-8000, Orlando 
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For complete fhformation, consult your APPLICATIONS Dein od eje D e d 
nearest Philbrick Representative or Model MP is useful in the labora- | did P | 
Philbrick Researches, Inc. tory for instrumentation, on-line fecere |^ su mee) | 
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Dedham, Massachusetts 02026 velopment breadboards, and for | 
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NEWS AND VIEWS 


By the Board of Editors and the Membership of the 
Sociely of the Sigma Xi and the 
Scientific Research Society of America, RESA 








EDITORIAL COMMENT 


AMERICAN Scutntist extends its con- 
gratulations to the Immediate Past 
President of The Society of the Sigma 
Xi, Dr. Frederick D. Rossini, Dean 
of the College of Science and Asso- 
ciate Dean of the Graduate School 
in the University of Notre Dame, on 
the recent award to him of the Laetare 
Medal bestowed annually by his uni- 
versity on distinguished Americans. 
Only very occasionally has this honor 
been given to a member of the Univer- 
sity faculty so that the selection of Dr. 
Rossini for this year’s award constitutes 
an outstanding tribute to one who has 
served science, government, and edu- 
cation so notably over more than thirty 
years. We recall the opening remark of 
our new President, Dr. Farrington 
Daniels, at the Convention of the So- 
ciety in Montreal, “I express the deep 
appreciation of the whole Society of the 
Sigma Xi for the outstanding leadership 
which he has given to us during the 
past two years,’ 

The Board of Editors is pleased to 
announce the appointment of Dr. 
Sam Glucksberg, Assistant Professor 
in the Department of Psychology, 
Princeton University, as a Consultant 
in succession to Professor Richard O. 
Rouse, Jr., Chairman of the Depart- 
ment of Psychology at Williams Col- 
lege, Williamstown, Mass. To Professor 
Rouse we extend our grateful thanks for 
the imagination and industry which he 
displayed, advising as to suitable re- 
viewers of books received in the area 
of psychology and securing for us im- 
portant articles in the field. Dr. Glucks- 
berg has already been serving ener- 
getically in assigning new books to 
reviewers, in advising the editorial 
board on articles submitted for publica- 
tion, and also as a contributor to this 
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issue of AMERICAN Scientist in the 
second essay-review, in PERSPECTIVES, 
of three books dealing with the problem 
of human thought. The presence of Dr. 
Glucksberg in Princeton facilitates the 
work involved in assigning new books 
to reviewers. His appointment as a 
Consultant gives the Board of Editors, 
drawn from other sciences, the benefit 
of his experience in psychology. 

The Editor-in-Chief, at the March 
meeting of the Board of Governors of 
RESA, offered to the Board a page in 
each issue of AMERICAN SCIENTIST, to 
record, for the membership of the 
Scientific Research Society of America, 
any items of immediate interest or con- 
cern. We print, in a later page of this 
issue, the first RESA Page, provided 
by the Director, Dr. Donald B. Prentice. 

We expect to continue, in each issue, 
the Executive Secretary’s Page record- 
ing items of interest to the Sigma Xi 
membership. The Chapter-at-Large 
plans to keep its membership informed 
and up-to-date on election and promo- 
tion of individuals to membership bY 
the Chapter-at-Large and on mátters of 
particular interest to the membership 
of this, now the largést chapter in 
Sigma Xi. R 

In the September issue of AMERICAN 
Scientist we expect to present the 
National Lecturers for the Fall Series 
of 1965-1966, with brief biographies 
and portraits of the lecturers. Abstracts 
of the lectures will also be supplied. 
In the December issue a similar report 
on the Spring Series of Lectures will be 
available. This new program was 
authorized by the Executive Com- 
mittee of Sigma Xi at its Spring Meet- 
ing, 1964, the action taken being re- 
corded in the June 1964 issue of AMERI- 
CAN SCIENTIST. 





Decade Frequency Synthesizers 


... provide precisely known, stable signals, 
continuously adjustable or in discrete steps 


Now you can buy a frequency synthesizer 
that has the resolution you need, at a reason- 
able price. Identical, interchangeable mod- 
ules (adjustable in digit steps from 0 to 9). are 
assémbled in à frame to produce an instru- 
ment with in-line readout. Frequency is 
quickly and precisely set in less time than it 
takes to dial a telephóne number. 

Three basió synthesizer models provide 
frequency ranges up to 100 kc/s, 1 Mc/s, and 
12 Mc/s. Each can be ordered with as few as 
three digit-decade modules; additional mod- 
ules can be ordered as the need arises. With 
all seven modules installed, you get 0.01- 
cycle increments in the 100-kc instrument, 0.1- 
cycle increments in the 1-Mc instrument, and 








1-cycle resolution with the 12-Mc instrument. 

A remotely programmable module can be 
substituted for any of the standard digit- 
decade modules. In addition, a continuously 
adjustable module is available for continuous- 
frequency coverage and for electronic fre- 
quency sweeping; it also adds two or more 
significant figures to frequency resolution. 

All output signals are controlled by a room- 
temperature crystal oscillator built into each 
synthesizer. The crystal oscillator can be 
locked to an external standard, where desired. 

Sixty different synthesizer models are avail- 
able. Prices start at $3200. 


Write for Complete Information. 


GENERAL RADIO COMPANY 


WEST CONCORD, MASSACHUSETTS 









BOSTON NEW YORK, N.Y. CHICAGO PHILADELPHIA WASHINGTON, D.C. 
SYRACUSE DALLAS SAN FRANCISCO LOS ANGELES ORLANDO, FLA. CLEVELAND 
MONTREAL TORONTO ZURICH LONDON 
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EXECUTIVE SECRETARY’S PAGE 


Zhe development of a computer sys- 
tem at National Headquarters is pro- 
ceeding on schedule. It is expected 
that, on or about September 15, member- 
ship lists prepared by the computer will 
be furnished each chapter and club. 
These listings will consist of the 
membership record and present address 
for each Member and Associate Member 
who has indicated his or her desire to be 
active with a particular chapter or 
club for the 1965-1966 academic year. 

It is planned to have the December 
issue of AMERICAN SCIENTIST present 
to the membership a complete descrip- 
tion of the new system for the main- 
tenance of membership. Prior to that 
presentation, however, it is necessary 
to explain two features of the new 
method which will require the im- 
mediate assistance and cooperation of 
the membership. 

The Post Office has directed the 
Society to Zip Code, without delay, its 
address lists for mailing AMERICAN 
Scientist. This is under process and it 
is hoped to have the September issue of 
AMERICAN ScrENTIST mailed in ac- 
cordance with Zip Codes. If your ad- 
dress label for that issue is incomplete 
or incorrect it would be appreciated if 
the actual label with correction could 
be returned to National Headquarters. 
In order to be compatible with the new 
system, names and addresses must be 


limited to a fixed number of characters— 
letters or numbers. Please note new 
form of Notice of Address Change, 
page 158A. 

A second feature essential to the 
new operation is the assignment of 
permanent member numbers. Much 
confusion has resulted in the past from 
members having the same names, In 
fact, in one case there are five members 
with the identical name. Not only is the 
number necessary to identify, it will be 
used to address the computer and thus 
is essential to the entire operation. It 
wil appear on all address labels for 
AMERICAN Screntist and will be im- 
printed on the annual membership 
card furnished. 

It is planned to use an eight digit 
number for each Member or Associate 
Member. The first two will indicate the 
year the individual was elected to the 
Society for the first time (either as an 
Associate Member or as a Member). 
The next three digits will specify the 
chapter which elected him and the last 
three will merely enumerate. 

Since the number is based on member- 
ship data, it is imperative that missing 
information be obtained without delay. 
Requests are now being mailed to 
individuals and to chapters for help in 
those cases where the records at Na- 


tional Headquarters are questionable or. 


incomplete.—T.T.H. 


ANNOUNCEMENT 


As Chairman of the Committee on 
Membership-at-Large, it is my pleasure 
to anounce that under the provisions of 
Article VII of the Constitution, the 
Chapter-at-Large has Promoted to full 
membership in the Society: 


COLVERT E. CUSHING, JR. 

ROBERT H. MOUNT 

SUSAN WILLIAMS ROCKFORD 

ROY 8. YAMAHIRO 

JOSEPH STALLARD WATER- 
HOUSE 
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Also, the Chapter-at-Large, with the 
approval of the National Executive 
Committee, has Elected to full membér- 
ship in the Society : 


JEAN BATCHELOR ALLISON 
WILLIAM E. KELLER 
ALFRED MICHAEL POMMER 
GERRIT W. H. SCHEPERS 


JAMES H. MARKS, Chairman 
Committee on Membership-at-Large 
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Two New 
Macro Analytical Balances 
with Unidigit" Readout from 


sue Su es ae 


. If you took the best features of all other balances, they would not 





nearly equal the new H balances from Mettler. These two new in- 
. struments, one with tare, one without, will do more for you than 
any, balance for which equal claims are made. For one, they both 
have-UNIDIGIT readout. You see only one number at a time in each 


window. This means you read the results of your weighings at a 





‘glance. UNIDIGIT is quick and convenient, accurate and easy. No 





guessing, no choosing. No errors, no fatique. We've prepared a new 
12 ge catalog telling about UNIDIGIT readout. It also describes 







bie o binati on of other features which make more people 
alances than all other single-pan analytical bal- 
rabined. uy you would like a copy, write to Mettler Instrument 
tion, 20 Nassau Street, Princeton New Jersey. 











| .- CHANGE OF ADDRESS 


If your name or address has changed from that on file at head- 
quarters at Sigma Xi or RESA, please return the form below to: 


* The Society of the SIGMA Xi 
Office of the Executive Secretary : 
5] Prospect Street 
New Haven, Connecticut 06511 


e 
This is to notify you of the following change of address or name. 
(Please print or typewrite.) 
INGE eo wie aieyas iain erren imma csi ERIT CP corps. 
Former €. €. 9 s 4 ee? s 5w'»aoeenbrwsgoeneeo08868409930509«€*595158un89499999 9.6 59 
Mailing 
Address eee ee *222929229292*29292929222229022922929292920929292929292À290292292922*92»2^9€ 
COV ss setagebiess tvs sos es SIGS fie odes as Seems 
Zip Qodeg.......i2ses 
Names een isieteccilo wire supe iul vel ete tie e SEO TS ni de s wield 
(maximum characters 32) 
EE DJisesosstasxadàécuurecte di us» satus cas , 
Mailing (maximum characters 25). 
len ] Liceo Roo ron. EE LR ese: : 
(maximum characters-21) 
CRY, vaso Dg ess rimi aoe Stala e ios ER 
Zip Code #..... "T PI 


Affiliation: (Please give name of Chapter, Club or Branch) 
Chapter-at-Large 
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This $5,000 Mathatron digital computer 
needs one more significant digit 


Your index finger. Some people use the third finger. That’s all right. 


Program the formula: 


a 
Switch to Learn: Tap S1xXS2+(S1+S$2)84 S4xXS$3+(844+58$3)= 
Switch to Normal: Tap 6 . 2% 1 3.832 9.143 AUTO | 


The printed tape reads 1.87147346 


Four or eight independent storage registers, 24 or 48 step ferrite 
core memory, automatic printed output, 100 column number capacity, 
8 to 9 significant digit accuracy, automatic decimal placement, electronic 
speeds, optional pre-wired programs, all solid state logic and circuitry, 
It won't solve everything, of course. 


If you already have a large data processor, consider this: 80% of the 
Mathatron owners have big computers, too. But they can't stand the 
time lag, or the hourly cost, or the gaff. The Mathatron is twice the size 
of a typewriter and is accessible, immediately, to the whole department. 


MATHATRONICS, INC. 


257 Crescent Street, Waltham, Massachusetts 02154 (617) 894-0835 


Write for 
further 
information. 





GRANTS-IN-AID OF RESEARCH 


Over the past twelve yeat% the Society 
hag been able to increase the magnitude 
of its support of the Grants-in-Aid of 
Research Program by almost 100095, 
yet the requests in number and amounts 
of assistance needed have been growing 
at an even greater rate. 

The Executive Committee, in con- 
sideration of the voluntary contribu- 
tions received in 1964, the earnings on 
its endowed funds, and the necessary 
expenses for the Society's operations 
in 1965—allocated $75,000 for Grants- 
in-Aid for this year. 

At the first meeting of the Grants-in- 
Aid of Research Committee for 1965, 
$37,375 was awarded to 84 recipients. 
At the second meeting in March, 
$38,334 was awarded to 105 recipients. 
It was necessary to deny completely 26 
requests for assistance at this last 
meeting, while 20 were so denied at the 
first meeting. 

In response to urgent appeals from 
the Committee on Grants-in-Aid of 
Research, the National Officers and 
Members of the Executive Committee 
are exploring ways and means to render 
additional financial support to this 
most important activity of Sigma Xi. 

Without this commitment of the 
additional funds, no further meetings 
on awards for 1965 have been scheduled. 
Letters have been written to more than 
150 individuals whose applications were 
pending for* this meeting, advising 
them of the situation. 

It is hoped that with the conversion 
of the National Headquarters to the 
computer system, which will make 


possible the National billing, voted by 
this past year's Convention, additional 
support of the program may be re- 
ceived from the entire membership 
comparable to that which is now given 
by the Chapter-at-Large. 


HARLOW SHAPLEY 
Chairman 
Committee on 
Grants-in-Aid 

of Research 


A LETTER OF INTEREST 


Dear Professor Holme: 

In June of 1963, the Society of the Sig- 
ma Xi was kind enough to award me a 
grant of $450 for our research project 
dealing with the synthesis of inorganic 
binary compounds using exploding wire 
techniques. This research has resulted in 
a paper in Exploding Wires, Volume III. 
edited by Chace and Moore, Plenum 
Press, 1964. 

Again I wish to express my deep ap- 
preciation to the Society of the Sigma Xi 
for the financia] assistance which al- 
lowed us to initiate this research project. 
You may be interested to know that the 
Petroleum Research Fund of the Ameri- 
can Chemical Society is now supporting 
this project to the extent of $14,000 for 
two years. We believe that the initial 


grant from Sigma Xi made this possible. 


Sincerely yours, 


MicnaEn J. Joncicu, Hap, 


Department of Chemistry, 
Northern Illinois University 
DeKa zs, [purnots 60115 
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RESA GOES OVERSEAS 


The Scientific Research Society of 
America (RESA) was sponsored by 
Sigma Xi in 1947-1948 to operate in 
industrial and governmental research 
laboratories as Sigma Xi operates in 
degree-granting institutions. RESA’s 
early years were financed by generous 
contributions from Dr. William Procter, 
and this support was made perpetual by 
a bequest of $100,000 in Doctor Proc- 
ter’s will. 

The charter branch in RESA was 
installed in the spring of 1949 at the 
Esso Research Laboratories at Linden, 
N. J., when the Esso Sigma Xi Club 
voted to affiliate with the new Society. 
The Board of Governors of RESA, 
two-thirds of whom must be Sigma Xi 
members including the officers of the 
sponsoring society, decided not to use 
pressure sales methods to promote the 
new organization but to let growth 
depend on natural interest among the 
several research laboratories in the 
country. Notices of the availability of 
RESA were sent to the directors of all 
laboratories with professional personnel 
of fifty or more. Petitions for branches 
have been received at a fairly steady 
rate for sixteen years, and to date ninety- 


e 

six groups have been approved. Total 
membership is over 12,000 with alfout 
1500 members-at-large (not in branches 
or clubs). Doctor Procter’s bequest, 
with some small additions from operat- 
ing balances, has now grown to $240,000. 

Several years ago a request was re- 
ceived from a Japanese scientist, who 
had done his graduate study in the 
United States, for a branch in Japan. 
Because of the distance from this 
country, the great amount of excellent 
research being carried on by the Japa- 
nese, and the large population of the 
nation, RESA’s Board felt that the 
establishment of a society similar to 
RESA in Japan would be a better plan 
and offered our assistance and advice. 
Recently, a request was received from a 
group of scientists, many of them 
members of Sigma Xi, in San José, 
Costa Rica, for the establishment of a 
branch. Circumstances in this Central 
American country were entirely dif- 
ferent from those in Japan, and the 
RESA Board unanimously and cordially 
approved the petition. Within a few 
weeks, therefore, RESA will become an 
international research society.—D.B.P. 





One of a series briefly describing 
GM’s research in depth 


Fighting fatigue with stress 


Stress is a double-edged sword. Favorable “locked-in” 
stress in a material, put there to offset the effects of 


load stress, can dramatically extend fatigue durability. 


Recently one of our physicists discovered an ingenious 
way to create favorable residual stresses in through- 
hardened steel ball bearings. Called Marstressing, 

it involves diffusing foreign atoms into the metal e l 
surface to lower the temperature at which austenite 
transforms to martensite during quenching. 
Transformation then begins beneath the diffused layer 
and proceeds outward—the reverse of what normally 
takes place. When the surface region finally 
transforms, normal expansion is opposed by the 
already hardened interior. Surface material is caught 
in a squeeze. Result: high residual stress near the 


surface where failures normally originate. 


Marstressing is one of the key features of New 
Departure—Hyatt Division’s new NDur line of 
bearings which boasts life at least three times the 
former rating when run on standard New 


Departure fatigue life tests. . 


Back of Marstressing are decades of GMR research 


in metal physics and residual stress. 


The principle behind Marstressing i is remarkably 
simple; but simple answers have a way p occurring 
most frequently where careful, persistent research 


has prepared the way. 


General Motors Research Laboratories 
Warren, Michigan 
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Comparison of subsurface stress patterns in 
conventionally hardened and Marstressed parts. 
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A NEW WAY TO TEACH SCIENCE IN’ . 
SECONDARY SCHOOLS 


By CHARLES E. PEPPER* 


Voices rose in dispute all over the 
room as small groups of high school 
freshmen wrestled with the concept of 
time. 

“Time is time, that’s all!” a girl at 
one table told her group. 

"You're contradicting yourself,” 
came from another table. You're talk- 
ing about a time before there was 
time." 

“Tf there were no events to measure 
time, there'd just be no time," some- 
one said. 

One girl listened to an argument 
and wrote in her notebook: “If every- 
thing stopped all of a sudden, would 
time stand still? (This is philosophy— 
does not have meaning to us)." 

This encounter between youth and 
the abstract took place as part of a 
revolutionary physical science course 
being developed by the Secondary 
School Science Project under Prince- 
ton University’s Department of Geol- 
ogy. The class, taught by Wayne Nel- 
* son at Princeton High School, had 
counterparts in 59 other schools in 
- eight different regions of the country 
where th course—called “Time, Space, 
and Matter"—is being tested. 

It iseunusualein several respects: (1) 
It has ne textbook; students write their 
own. (2) Students discover the ma- 
terial of the course themselves instead 
of hearing it in a lecture or reading it 
in a textbook. (3) It isn’t aimed at a 
specific age level. A student gets as 
much out of it as he can. It has been 
tried successfully as early as the sev- 
enth grade, and its developers believe 
it could be used with profit by college 
freshmen in some cases. (4) It is 
framed so that students can learn even 


e 


if the teacher is not well trained in 
science and is not particularly talented. 

The heart of the course is a student 
record book. As one explanation puts 
it, "The student is the principal in- 
vestigator and what he does is the 
course. The notes of his observations 
and interpretations, which he records 
in a student record book, become his 
text." The student also receives a lab- 
oratory kit, a book-sized box full of 
simple equipment such as an equal- 
arm balance that doubles as a ruler, 
a magnifying glass, and a thermometer 
without a scale. From time to time he 
makes use of illustrated “Student In- 
vestigation Booklets’ that furnish 
material for observations that he 
couldn't conveniently gather other- 
wise. One booklet, Exploring a Slice 
of the Earth, provides 28 large photo- 
graphs of the Grand Canyon along 
with a map that can be used for an 
armchair field trip in quest of data on 
what made the canyon and how long 
it took. y 

Included also are several paperbound 
books for supplementary reading, along 
with one on the moon by Galileo 
and another on Project Apollo adapted 
from a book edited by Walter Sullivan 
of The New York Times. And there 
are special materials for the teacher: 
course description books, folios giving 
basic scientific background on different 
aspects of the course and practical 
hints by teachers who have used the 
course, classroom films, and even 
phonograph records of lectures by sci- 
entists and of classes in progress. 

The essence of “Time, Space, and 
Matter” is discovery, but not accidental, 
hit-or-miss discovery. It is carefully 


* Reprinted by permission from University, A Princeton quarterly (Spring 
1965, No. 24, pp. 6-9, © Princeton University). All photos for this article by Sol 


Libsohn. 
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High-density Memory Unit 


The Lincoln Laboratory of the Massachusetts Institute Solid State Physics 

of Technology conducts research in selected areas of Information Processing 

advanced electronics with responsibility for applications Radio Physics and Astronomy 

to problems of national defense and space exploration. Radar 
Research in the area of Computer Applications includes development of Computer Applications 
executive programs for information retrieval, time-sharing, and on-line Space Surveillance Techniques 
operations, improvement of data reduction techniques, and simulation of Re-entry Physics 
defense systems. All qualified applicants will receive consideration for Space Communications 
employment without regard to race, creed, color or national origin. m————— 
Lincoln Laboratory, Massachusetts Institute of Technology, Box 31, A description of the Laboratory's 


programmed through a series of investi- 
gations which the student carries out 
like a scientist, systematically recording 
observations and drawing conclusions. 
The investigations are arranged in a 
sort of spiral order, returning to a prob- 
lem that previously seemed insoluble 
after the student has developed tech- 
niques for dealing with it. 

There are three cycles of investiga- 
tions, each logically arising from the 
dne before. One, two, or all three 
series can occupy an academic year, 
depending on the time available and 





Grand 
Canyon, or a small chunk of it. 


Fig. 1. Student examines the 


. the st&dents' ability. Each series leads 
to & climax that would be a satis- 
factory endimg point for the year's 
work. . 

The first cycle is called, with a bow 
to Lucretius, “On the Nature of 
Things." It begins with a question: 
How can one begin a study of the physical 
world? With so many things around— 
tables and chairs, trees and rocks, even 
the moon—students find it hard to 
decide where to start. At length some- 
one proposes starting with, say, the 
moon—a single thing that ean be ob- 
served all at once. 

The students look at the moon— 
unaided, or if possible with a small 
telescope—and record what they see. 


A booklet provides a series of photo-* 


graphs, mcluding views of the moon 
as it looked to Galileo through his 
telescope, and the Ranger 7 photo- 
graphs bringing it as close as 3000 
ft. But even these pictures don't 
make it clear whether the surface is 
hard or soft, powdery or crusty, much 
less what it is made of, and supple- 
mentary reading informs? them that 
experts don’t know much more about 
it than Galileo did 350 years ago. 

From the moon, the class turns to a 
slice of the earth—the Grand Can- 
yon. Along with the illustrated book- 
let the students look at rocks found at 
the top and bottom of the canyon. 
The material stimulates them to ask: 
How big is the canyon? How did it 
get that way? How old is it? They can 
speculate, but once again they find 
they lack the tools for reaching rea- 
soned answers. So they turn to a 
simpler starting place: an experience 
dramatizing the difference between ob- 
servation and interpretation. The stu- 
dents are shown two clear glasses 
filled with what looks like water. But 
an ice cube floats in one liquid and 
sinks in the other. Student record 
books show that some children don’t 
notice the paradox and that others re- 
cord it but apparently aren’t bothered 
by it. Later, the students discover by 
feeling, smelling, and so on that the 
liquid in which the ice sank was al- 
cohol, not water. They learn not to 
rely on their sense of sight alone and 
to distinguish between observation and 
interpretation. 

Next they are asked to record as 
many observations as they can about 
a glass of water in which an ice cube 
is floating. Most surprise themselves 
with the number they produce. But if 
they observe that the water gets colder 
as the cube melts, they are unable to 
tell how much colder. 

Here the unmarked thermometers 
come in. The students discover that 
they need a common reference point 
and a standard, and thus have their 
first contact with ideas of instrumen- 
tation and measurement. They also 
become aware that the thermometer 
supplements the sense of touch and 
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that, in general, instruments only ex- 
tend or add precision to the S$nses. 

At this point they are shown pic- 
tures of ice floating on water at the 
North Pole, taken from a nuclear- 
powered submarine. They quickly see 
the relevance of their observations of 
an ice cube in water—a microcosm— 
to the world at large—the macrocosm. 
Other pictures, the account by Walter 
Lord of the sinking of the Titanic in 
A Night to Remember, and an adaptation 
of Thomas Huxley’s On a Piece of 
Chalk provide more material in this vein. 

Now the class returns to the moon. 
Each student pretends that he is the 
first to land there. He is given a plastic 
tray divided into compartments filled 
with different materials representing 
samples of the moon’s surface. He must 
collect samples and estimate the relative 
abundance of each material in his own 
“region of the moon." In addition, since 
the weight-lifting ability of the “Apollo 
space-craft" is strictly limited, he must, 
on his return trip to earth, leave behind 
some piece of equipment equal in mass 
to that of all his samples. This brings his 
simple equal-arm balance into play. 

From this experience students learn 
that the greatest precision is not al- 
ways the proper scientific goal. If a 
man on the moon spent all his limited 
time trying to determine with great 
accuracy the relative abundance of one 
specimen he would not get much in- 
formation. He* must find the proper 
degree of precision. 

Later the students compare the mass 
of two “moon samples" of unequal 
heft, actually the minerals galena 
and calcite, using pennies, paper clips, 
and pins as counterweights. They be- 
gin to think in terms of some stand- 
ard mass and are introduced to the 
kilogram. Each student makes his own 
10-gram mass by filling a little plastic 
pill bottle with enough lead shot to 
balance an official-looking weight. But 
faced with the limitations of a single 
counterweight they begin experiment- 
ing with balancing the arm at other 
places than the exact middle and dis- 
cover another principle: the greater 
the mass, the smaller the distance. 
This enables them to use their single 
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standard to weigh a wide range of ob- 
jects. They also determine the volume 
of their specimens by a water displace- 
ment method. 

Returning to the macrocosm, the 
class assumes its data on galena and 
calcite to represent an approximate 
average of the density of the whole 
earth and combines it with informa- 
tion on the volume of the earth ob- 
tained from the orbital flight of Colo- 
nel John Glenn. The assumption 
seems to be borne out by the facts 
since the class obtains a value of 10% 
grams—close to, or “of the same order 
as," the value given in scientific ref- 
erences. 

Now the students take up another 
aspect of the world around them: 
change. Objects move about; leaves 
grow, turn and fall from the trees; 
new houses grow old. Everything in 
the world seems to be changing in one 
way or another. Investigating the 
agents of change on the earth's sur- 
face, the children create a miniature 
canyon by pouring water over a flat 
cake of a sand-clay mixture. The can- 
yon has vertical stdes and the amount 
of material removed about equals the 
amount deposited in a fan-shaped 
delta at the canyon’s mouth. 

But is there anything that doesn’t 
change? To look into this question 
the class turns to a consideration of 
time, a vital element of the problem. 
The Princeton High School class de- 
scribed earlier was at this point in the 
course; it had about found thet time, 
seems to be measurable only in terms 
of regularly occurring events. e 

Back on the problem of change, the 
students find that materials such as 
quartz and calcite seem much more 
durable than ice or rock salt. But a 
test of these materials in an abrasion 
mill—a motor-driven container that 
tumbles rocks about in water at about 
the speed of a typical stream—shows 
that rocks, too, lose mass, but because 
they lose tiny particles by abrasion 
rather than because they melt or dis- 
solve. 

Now for the Grand Canyon, which 
stumped them at the beginning. Their 
topographic maps show that the Col- 
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orado River is central to the canyon 
system. Photographs indicate that the 
river* carries pebbles. The experience 
with the abrasion mill points to peb- 
bles in the river as the agency that 
created the canyon and gives them a 
typieal rate of mass loss. The work in 
making a miniature canyon leads them 
to conclude that, if the effects of trib- 
utaries and other processes are disre- 
garded, the canyon would have vertical 
walls and would be about as wide as 
the Colorado itself. This makes it fairly 
easy to ealeulate the volume of rock 
removed to make the canyon. The 
next step is to estimate the total mass 
of rock the river removes from the 
area each day and figure how long it 
would have taken at this rate to cut 
the canyon. They find that the answer 
is on the order of millions of years. 
Despite sources of error they have 
reached a figure that agrees with the 
estimates of geologists using other 
means and learn that the age cannot 
be calculated more accurately than to 
an order of magnitude. 

The next series of investigations is 
called “Seeking Regularity in Matter.” 
The students discover crystals growing 
in solutions of salt and sugar, then 
come to find that crystals are more 
common than they had supposed. 
They grow erystals of different sizes 
by varying the temperature and the 
rate of temperature change and find 
that each pure substance crystallizes 
in its own way. They also arrive at an 
idea that the matter that is crystalliz- 
ing might be made of tiny particles 
arranging themselves in an orderly 
fashion. Thus they head toward an 
atomic theory of matter. 

When the class tries to obtain a 
gaseous form of sugar by heating it, 
and instead obtains two completely 
different substances—carbon and water 
—it concludes that some pure sub- 
stances are composed of other, simpler 
substances, and that there may be 
“particles within particles.” 

“Interpreting a World of Change,” 
the final series of investigations, first 
presents the students with a “rock pile” 
—a collection of 23 rocks and minerals 
that make up 99 per cent of the earth’s 
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erust—and challenges them to organize 
it into some meaningful system. Apply- 
ing what they have learned they sepa- 
rate pure substances, or minerals, from 
the impure rocks and arrange the rocks 
into the classes geologists know as 
igneous, sedimentary, and metamor- 
phie. Later they find they are faced 
with conflieting evidence as to the 
mean density of the earth, leading 
them to make reasonable speculations 
about the existence of an earth core 
and its size and density. At the end 
they reach a conclusion about the 
minimum age of the earth by consid- 
ering rates of erosion, accumulation of 
sediments, and the ever-recurring rock 
cycle. 

Although the course seems fairly 
well set in the outline described here, 
Dr. George J. Pallrand, the project's 
executive director, said it was still be- 
ing developed on the basis of ''feed- 
back" from the children, teachers, and 
administrators in the schools testing 
the course. 

“One of the main criticisms of cur- 
riculum projects like this is that the 
courses take unustally able teachers," 
he said. “This is particularly true of 
mathematies, where you may have 
read many teachers are actually fright- 
ened of the new courses and textbooks 
that deal with the subject in a way 
they just don't understand. Aside from 
that, many people think that the dis- 
covery approach only works when con- 
ducted by an exceptional teacher. It 
is, certainly, different from tlfe kind. 
of course most teachers have taught. 

“We feel that on the whole the 
course will work well in the hands of 
an ordinary teacher or even a poor one, 
although of course a great teacher can 
always do a better job. But the course 
stimulates the teacher as well as the 
student. We've had several reports 
from the schools about this. 

"Up to now all the teachers who 
have used our materials have come to 
Princeton during the summer for a 
two-week orientation session. It's ob- 
viously impossible to continue doing 
this if the course is to be commercially 
feasible and self-sustaining. So now 
we are working on more auxiliary 
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` teacher materials to go with the ones 

we already have. We plan toeput them 
together -in a package—we call it a 
‘do-it-yourself institute.’ We hope this 
will equip even the teachers with ex- 
tremely weak backgrounds in science to 
lead a class well. 

“If all goes well, material for about 
a year’s classroom work will be avail- 
able for general use in the spring of 
1966. At that stage the University 
will turn it over, with 





safe- 


proper 





Fig. 


guards, to a private enterprise for pro- 
duction and promotion. Anything in 
the way of royalties will probably re- 
turn to the federal government.” 
Distributing such different items as 
books and rocks to even the four 
thousand children now involved in the 
program presents quite a set of prob- 
lems. The aim is a set of materials that 
is durable, simple, and inexpensive, 
quite different itself from the recent 
emphasis on flashy and costly teaching 
aids like models of planetary systems. 
Another member of the project’s staff, 
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James F. this 
aspect. 

"Aside from the problem of design- 
ing the instruments, we have the prob- 
lem of quantities,” Mr. Murphy said. 
"On one hand, manufacturers aren't 
interested in making, say, the balance 
in quantities of just a few thousand. 
They want to talk about a million or 
so. The University shop shave been ex- 
tremely helpful in making prototypes 
of these instruments for us. On tlfe 


Murphy, deals with 


2. Weighing is fun on a scale made from a ruler. n E 


other hand, few dealers in minerals, 
even the largest, are big enough to 
supply what we want from stock, and 
so they need an unusual amount of 
lead time. 

“We expect that the initial cost of 
all materials will run less than five 
dollars per pupil. The materials can 
be used several years and the schools 
will probably be able to offset some of 
the cost with federal funds." 

The response at schools testing the 
course so far has been highly favor- 
able, and word is spreading through 
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academic circles. The project reports 
that it, gets an average of 15 requests 
fos information a day. Dr. Pallrand 
said the project has had to turn down 
quite a number of requests from 
schools for the course because it al- 
ready had as many schools as it could 
supply with materials and use for eval- 
uation. « 

Examples of the response can be 
found almost at random from the re- 
plies of school administrators who re- 
cently were asked to comment on a 
new brochure describing the course. 
“ "Time, Space, and Matter’ is a giant 
step forward in providing help for the 


traditional science teacher," one super- 


seminars of scientists and educators to 
discuss specific problems, others are 
ambitious programs to design coordi- 
nated currieulums for a broad range 
of ages, say the first nine grades. To- 
gether they form the bulk of the cur- 
rent ferment in American education. 
A major cause of this ferment is the 
Physical Sciences Study Committee, 
which was formed in 1956 as a result 
of a general dissatisfaction among amni- 
versity physicists with the way physics 
was taught in secondary schools. The 
committee began with informal dis- 
cussions stimulated primarily by Dr. 
Jerrold R. Zacharias of the Massachu- 
setts Institute of Technology, evolved 





Fig. 3. Obviously more here than meets the eye! 


intendent declared. “So far, we are 
very enthusiastic about the work done 
and feel that this is a real breakthrough 
in teaching children the spirit and 
methods of inquiry," wrote a Cali- 
fornia principal. "I found that the 
students are displaying an avidity for 
learning second to none that I have 
ever encountered," a New York prin- 
cipal said. 

Princeton’s Secondary School Sci- 
ence Project, directed by Frederick 
L. Ferris Jr., is one of 60 projects in 
elementary and secondary school sci- 
ence and mathematies supported by 
the National Science Foundation now 
or in the recent past. Some are only 
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into an informal working group of in- 
terested physicists in the Boston area, 
and began formal operations'on a na- 
tional seale in November, 1956, under 
a grant from the N.S.F. to M.I.T. A 
year later the Russians put the first 
Sputnik in orbit, causing many other 
Americans to re-examine their schools. 

The P.S.S.C.'s first fruits, a com- 
plete one-year physies course sharply 
different from anything available be- 
fore, entered the schools in 1960. It 
was a tremendous success, and this 
suecess encouraged other scientists— 
biologists, chemists, anthropologists— 
to tackle similar programs in their 
fields, with the help of the N.S.F. Dr. 
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Zacharias himself is a me®ber of the 
Princeton project’s advisory commit- 
tef and is reported to have a high re- 
gard for “Time, Space, and Matter.” 

Mr. Ferris, a Princeton graduate in 
geology in 1941, who once taught at 
Lawrenceville School, became  asso- 
ciated with the P.S.S.C. at an early 
stage. IÑ the summer of 1957 he re- 
ceived a leave of absence from the 
Educational Testing Service and took 
part in the group’s first writing con- 
ference. Later, in helping the com- 
mittee develop tests, films and books, 
he conceived the idea for a new kind 
of general science course. 

“There seemed to be dissatisfaction 
with the general science courses avail- 
able,” he said, “so my idea was to 
provide one centered on geology but 
drawing on physics, chemistry, astron- 
omy, and math as well. Jerome S. 
Bruner of Harvard, an expert on the 
process of learning, became interested 
along with others, and we worked up 
something and tried it out in three or 
four schools. At this point the Geology 
Department here became interested in 
sponsoring it, and we received our first 
N.S.F. grant in May 1963." 

The project's advisory committee is 
chaired by Dr. Sheldon Judson, a 
member of the Geology Department 
faculty, and also ineludes Princeton’s 
Dr. Hubert N. Alyea, Dr. Harry H. Hess, 
Dr. Heinrich D. Holland, and Dr. Aaron 
. Lemonick. Dr. Hess, as chairman of 
the Geology Department, is responsible 
for the project’s major decisions. 

Further information about any aspect 
of this program should be obtained di- 
rectly from: Jr. High School Science 
Project, Green Hall, Princeton Univer- 
sity, Princeton, N. J. 08540. 


LETTERS TO THE 
EDITOR 


GENTLEMEN: 

I have read with interest Dr. Max- 
well’s article—Will There be Enough 
Water? 

He reports that a householder may 
pay thirty-five to forty cents per thou- 
sand gallons for water delivered to his 
home. This is very low when compared 
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to 84 cents per thousand which I now 
pay. Then he writes that converting sea 
water to fresh water is possible at a high 
cost. This is now being done at 50 cents 
per 1000 gallons which again is low 
compared to my cost of 84 cents per 1000 
gallons. 

Could you assure me that Dr. Max- 
well knew about these facts when he 
wrote his article? 

Yours very truly, 
H. I. Hoor 
301 Lafayette Ave. 
Swarthmore, Pa. 19081 


Dear Mr. Hoor: 


One of the most frustrating aspects of 
the study of water is the difficulty of 
obtaining reliable cost data. The average 
price to householders quoted a couple of 
years ago was thirteen to twenty cents 
per thousand gallons. Last January, 
Mr. Raymond J. Faust, Executive 
Secretary of the American Water Works 
Association, wrote me that their organ- 
ization conducts a survey of water 
utilities at five-year intervals. To the 
most recent surwey, 1960, 1500 utilities 
replied, indicating that delivered water 
costs are in the neighborhood of 35 cents 
to 40 cents per thousand gallons. This is a 
bit higher than most of us pay in Prince- 
ton, but I know there are many areas 
where costs are considerably greater. 

The actual cost of water depends pri- , 
marily on two factors; the cost of 
treatment (filtering, chlorination, etc) 
and the cost of distribution tq consum- ` 
ers. Treatment costs vary from essen- 
tially zero for a city with a pure water 
supply, to some tens of cents for cities 
plagued with poor water ‘requiring 
extensive treatment. I fear that costs 
will continue to climb as our supplies are 
further contaminated. 

Published figures on the cost of de- 
salting sea water also tend to be confus- 
ing. Virtually all newspaper accounts 
refer to pilot plants underwritten by the 
Office of Saline Water; the costs are 
operating costs only, and for water at 
the plant site. Plant construction, salt 
water waste disposal, and delivery costs 
are not usually included. Even so, I have 
not seen any actual cost figures as low as 
50 cents per thousand. I would appre- 
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ciate it if you could give me the source 
of this figure. e 
e thank you for taking the time to 
write. Letters such as yours are ex- 
tremely valuable in keeping us abreast 
of current practices in this most in- 
teresting but complex subject. 
Cordially yours, 
Jonn C. MAXWELL 
Chairman, Dept. of 
Geological Engineering 
Princeton University 
Princeton, N. J. 08540 


A Reply to Sir Willis Jackson 


DEAR Sir: 


Discussing the partnership between 
science and engineering, Sir Willis 
Jackson [1,2] points to its social implica- 
tions. He closes his comments: “I wish 
we had a clearer concept of the kind of 
community we would like to see emerge 
with the aid of science and engineering.” 

I believe that Sir Willis, himself, pro- 
vides a starting point for finding an 
answer to his question when he says: 
*We can no longer be good specialists un- 
less we are also good non-specialists.” 

Such a role is consistent with Socra- 
tes’ definition of an educated man. It is 
not at variance with Professor E. 
Hutchinson’s “my deep love of science 
and my concern for human values” [3]. 
Aldous Huxley commented “If the 
problems of humanity could be thought 
about and aeted upon within a frame of 
reference that has survival for the 
species, the well-being of individuals, 
and the actualization of men’s desirable 
potentialities as its coordinates, these 
peripheral organizations (UNESCO, the 
food and agricultural organization, ...) 
would become central. The subordinate 
polities of survival, happiness, and 
personal fulfillment would take the 
place now occupied by the politics of 
power, ideology, nationalistic idolatry, 
and unrelieved misery” [4]. 

The members of the scientific com- 
munity must be willing to act as non- 
specialists, cooperate, and take a part 
in the moulding of our future rather 
than to remain withdrawn from human 
affairs on the one hand, or to pretend to 
the throne on the other. 
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If they can affirm their ability to act 
according to their beliefs, theories, and 
conjectures while holding to the con- 
cept: I am not my brother’s keeper, but 
my brother’s brother, then they can 
take courage from the Italian Renais- 
sance and the Renaissance of Physics at 
the turn of this century. 

We then need not be frozen to immo- 
bility by fear of our future, the possible 
dehumanization of man, or by the 
possible closing of our individual life 
spans as the Hollow Men “...not with 
a bang but a whimper" [5]. 

J. A. KNUDSON 
545 Kingsley Avenue 
Palo Alto, California 
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DEAR Sir: 


Thank you for having my book, 
“Collision Phenomena in 


issue of AMERICAN SCIENTIST. Natu- 
rally, I am interested in leagning what 
the readers of my book think of it, and 
the comments of the revieweys are of 
particular interest and importance to 
me. The evaluation of my book by Dr. 
Malamud (page 68A) is phrased am- 
biguously, in my opinion. Would it be 
possible to obtain a clarification? In the 
last paragraph of his review, he states 
that “As a compendium of information 
for those working in the field, I cannot 
recommend the book too highly." I 
prefer to interpret this statement favor- 
ably, but does he mean that he cannot 
recommend the book or does he mean 
that he cannot recommend the book 
highly enough? I would appreciate any 
additional comment which you or Dr. 
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Malamud might like to make on this 
point. , 
e Sincerely, 
Eart W. McDANIEL 
Professor of Physics 
School of Physics 
Georgia Institute of Technology 
Atlanta 13, Georgia 


Dear DX. MCDANIEL: 

Your letter of April 3 to Dr. Taylor of 
AMERICAN ScrENTIST was forwarded 
to me. I thank you for writing to point 
out the ambiguity in my review of your 
book, which I assure you was uninten- 
tional. 

Your favorable interpretation of the 
phrase *I cannot recommend the book 
too highly" is the correct one. If I had 
not been so busy in the attempt to pay 
the book this deserved compliment in 
graceful language, I might have realized 
the other possible meaning of the ex- 
pression I chose. But this is only the 
reason for making this error; there is no 
excuse. 

I hope that the editors of AMERICAN 
Scientist, to whom I am sending a 
copy of this letter, will be able to publish 
a clarification. 

Sincerely, 

HERBERT MALAMUD 

Sperry Gyroscope Company 

Division of Sperry Rand Corporation 

Great Neck, New York 10020 


Re: Chinese Characters 


DEAR Sir: 

The American Screntist has the 
honor of making the first grammatical 
error in my new language. On page 396A 
December 1964, the villain and heroine 
have been interchanged! 

Yours sincerely, 
A. E. R. WESTMAN 
Director of Research 
Ontario Research Foundation 
43 Queen's Park Crescent East 
Toronto 5, Canada 
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Dear Sir: 

On page 396A of your December 1964 
issue, you presented some very novel 
and amusing interpretations of organic 
formulae. I am enclosing another ex- 
ample of the kind, which appeared in 
Science recently (29 January, 1965, page 
508). 

Determining a suitable "translation" 
for this ideogram was not easy. Having 
discarded several possibilities relating to 
stick-up men, Army doctors with hypo- 
dermics at the ready, and the like, I 
finally propose the most succinct: “En 
garde!" 


Very sincerely yours, 
CHARLES H. CHANDLER 
9404 North Church Drive 
Parma Heights, Ohio 44130 





Fig. 1. Projection of a molecule of 8-aza- 
guanine onto the plane of the molecule 
stacked below it in the crystal of 8-axa- 
guanine monohydrate. The plane of pro- 
jection is approximately the (102) crys- 
tallographic plane. 
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BOOKS RECEIVED FOR REVIEW 


TO THE MEMBERSHIP: Our readers are reminded that this section of their journal is intended 
to be an information service listing first editions of the most important new scientific 
hardbound and paperbound books received for review in our Princeton Editorial Offices. 

Titles are for 1965 publication unless otherwise noted. 


From Academic Press: 


Advances in Radiation Biology, Vol. I, 
edited by L. G. AuGENSTEIN, et al.; 
285 pages; $11, 1964. 

Concepts in Quantum Mechanics by 
oN KaEMPFFER; 358 pages; $9.75, 
1964. 

Fluctuation Phenomena in Solids, edited 
by R. E. Bunaxss; 389 pages; $14, 
1964. 

Interpretation of Metallographice Struc- 
tures by W. Rostoxer & J. R. 
Dvorak; 226 pages; $10, 1964. 

Lectures on The Many-Body Problem, 
Vol. IT, edited by E. R. CarANIELLO; 
294 pages; $10.50, 1964. 

The Role of Chromosomes in Develop- 
ment, edited by M. Locke; 290 pages; 
$11, 23rd Symposium of The Societ, 
for the Study of Development 
Growth. 

Physical Properties of Magnetically 
Ordered Crystals by E. A. Turov; 
222 pages; $10, 1964. 

Physiological Mammalogy, Vol. II: 
Mammalian Reactions to Stressful 
Environments, edited by W. MAYER & 
R. van GELDER; 326 pages; $11.50, 
1964. 

Optical Properties of Minerals, A Deter- 
minative Table by H. WiNCHELL; 91 

ages; $5, 1964. 

Advances in Quantum Chemistry, Vol. I, 
edited by, P-O LowniN; 385 pages; 
$14, 1964. 

Differential & Riemannian Geometry 
y D. Lavawrrz; 238 pages; $8.50. 
Methods in Carbohydrate Chemistry, Vol. 
V: General Polysaccharides, edited by 

R. L. WHISTLER; 463 pages; $16.50. 

International Review of Forestry Re- 
search, Vol. I, edited by J. A. Rom- 
BERGER & P. Mikorna; 404 pages; 
$13, 1964. 

Survey of Progress in Chemistry, Vol. 
D edited by A. F. Scorr; 345 pages; 

.95. 

Fish as Food, Vol. 3; Processing—Part 
I, edited by G. Borestrom; 489 

ages; $17.50. 

Advances in Space Science & Technology, 
Vol. 6, edited by F. I. Orpway, III; 
444 pages; $15, 1964. 

Advances in Geophysics, Vol. 10, edited 
by H. E. LANDSBERG & J. VAN 

IEGHEM ; 488 pages; $16.50, 1964. 

Advanced Methods of Crystallography, 
edited by G. N. RAMACHANDRAN; 
279 pages; $10.50, 1964, London. 
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The Natural History of putos, 
edited by J. D. CARTHY Few. 
EBLING; 159 pages; $5, 1964, London. 
Institute of Biology Symposia No. 13. 

Progress in Nucleic Acid Research & 
Molecular Biology, Vol. 3, edited by 
J. N. DavipsoN & W. E. Coun; 363 
pages; $11.50, 1964. 

Molecular Pharmacology, 'The Mode of 
Action of Biologically Active Com- 
pounds, Vol. II, edited by E. J. 
Artitns; 280 pages; $10. Vol. 3-II 
Medicinal Chemistry Series, G. DE 
Srevens, Editor. 

Psychopharmacological Agents, Vol. I, 
edited by M. Gorpon; 678 pages; 
$23.50, 1964. Vol. 4-I Medicinal 
Chemistry Series. 

International Review of General & Ez- 
perimental Zoology, Vol. I, edited by 
W. J. L. Fevurs & R. J. Harrison; 
445 pages; $14.50, 1964. 

Advances in Gerontological Research, Vol. 
I, edited by B. L. SrREHLER; 410 
pages; $13.509 1964. 

Nonlinear Problems of Engineering, 
edited by W. F. Ames; 252 pages; 
$10.75, 1964. 

Elementary Calculus by P. R. Masant, 
el al.; 335 pages; $7.50, 1964. 

The Origins of Prebiological Systems & 
of Their Molecular Matrices, edited 
by S. W. Fox; 482 pages; $8, 1964. 

Advances in Organometallic Chemistry, * 
Vol. 2, edited by F. G. A. Stone & 
R. West; 440 pages; $15. 

Contributions to Sensory Physiology, ` 
Vol. I, edited by W. D. Nurr; 274 
pages; $7.50. 

Advances in Catalysig & Related Sub- 
jects, Vol. 15, 1964, edited by D. D. 
ELEY, et al.; 355 pages; $15." 

Progress in Chemical Toxicology, Vol. II, 
edited by A. Srotman; 416 pages; $14. 

Structure & Activity of Enzymes, edited 
by T. W. GoopwiN, et al.; 190 pages; 
$6; London office: Berkeley Square 
House, London W. 1. Biochemical 
EN Symposium No. 1, London 


The Physiology of Insecta, edited by 
M. RocksTEIN; Vol. II, 905 pages; 
$33; 1965; Vol. III, 692 pages; 
$25, 1964. 

Histones & Other Nuclear Proteins by 
H. Busca; 266 pages; $9.50. 

Oriented Nuclei (Polarized Targets & 
onn by J. M. DANIELs; 278 pages; 
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Essays in Biochemistry, Vol. 1, edited 
by P. N. CAMPBELL &*G. D. GRE- 
VILLE; 170 pages; 18s.6d., paper; 

* Berkeley Sq., London, W. 1. 

Adaptive Growth by R. J. Goss; 360 
pages; $12, Logos Press. 

Advances in Protein Chemistry, Vol. 20, 
1965, edited by C. B. ANFINSEN, 
JR., et al.; 369 pages; $14.50. 

Homeostasis & Feedback Mechanisms, 
Vol.418, edited by G. M. Huaues; 
460 pages; no price given; Symposia 
of the Society for Experimental 
Biology. 

Markov Processes by E. B. DYNKIN; 
2 vols., 639 pages; $24 the set or $12 
per vol. 

Advances in Morphogenesis, Vol. 4, 
edited by M. ABERCROMBIE & J. 
BnacnET; 287 pages; $12, 1964. 

Stability of Nonlinear Control Systems 
by S. LErscHETZ; 150 pages; $7.50; 
Systems & Simulation by D. N. 
Cuoraras; 503 pages; $14.50. Vols. 13 
& 14 of Mathematics in Science & Engi- 
neering, R. BELLMAN, Series Editor. 

Physical Acoustics, Principles & Meth- 
ods, Vol. IT, Part A, edited by W. P. 
Mason; 476 pages; $17. 

Thin-Layer Chromatography, A Labo- 
ratory Handbook, edited by E. SrAHL; 
553 pages; $17. 

Bridged Aromatic Compounds by B. H. 
SurrH; 553 pages; $14. Vol. II of 
Organic Chemistry Monograph Series, 
A. T. BLowqursT Series Editor. 

Advances in Space Science & Technology, 
Vol. 7, edited by F. I. Orpway, 1; 
460 pages; $15. 

Advanced Plasma Theory, Course 25, 
edited by M. N. RosENBLUTH; 266 
pages; $9.75. Proceedings of Inter- 
national School of Physics “Enrico 
Fermi.” e 

Physical Processes in Radiation Biology, 
edited by L. AugENsTEIN, et al.; 
377 pages; $14, 1964. Proceedings of 
International Symposium, Michigan 
State University, May 1963. 

International Review of Experimental 
Pathology, Vol. 3, 1964, edited by 
G. W. RicurER & M. A. EPSTEIN; 
432 pages; $16. 

Newer Methods of Preparative Organic 
Chemistry, Vol. 3, edited by W. 
Foznsr, translated by H. Brrnpaum; 
544 pages; $16, 1964. 

Optical Masters, Advances in Electronics 
& Electron Physics, Supplement 2, 
by G. Brrnpaum; 306 pages; $9.50, 
1964. 

Solid State Physics, Vol. 16 (Advances in 
Research & Applications), edited by 
F. Sgrrz & D. TURNBULL; 446 pages; 
$15.50, 1964. 

Physics of Thin Films, Vol. 2, edited by 
G. Hass & R. E. Tuun; 441 pages; 
$15, 1964. 
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Advances in Heterocyclic Chemistry, Vol. 
3, edited by A. R. Karrirzxy; 421 
pages; $13, 1964. 

Advances in Immunology, Vol. 4, edited 
by F. J. Drxon, Jg. & J. H. Hum- 
PHREY ; 478 pages; price not included, 
1964. 

Progress in Control Engineering, Vol. 2, 
edited by R. H. MaAcMiruLaN, et al.; 
292 pages; $13.50. 

Rapid Mixing & Sampling Techniques in 
Biochemistry, edited by B. CHANCE, 
et al.; 400 pages; $9, 1964. Proceedings 
of E nans I, Philadelphia, July 
1964. 

Catalysis & Chemical Kinetics by A. A. 
BaLANDIN, et al.; 255 pages; $10, 
1964. 


From Addison-Wesley Publishing Co. : 
Linear Analysis of Electronic Circuits 
by G. M. Guasrorp; 580 pages; $15. 
Linear Algebra, Vol. III-I y WEST. 

SMIRNOV; 324 pages; $9, 1964. 
Symmetry in Inorganic Chemistry by 
. B. Dorarn; 122 pages; $3.75 
cloth, $1.95 paper. 
Probability, A Programed Workbook 
to accompany MosTELLER, ROURKE 
& Tuomas’ 3 Probability courses; 89 

pages; $4.95 paper. 

7 by F. 


Classical Charged Particles 
Rowe icu; 305 pages; $12.50. 

Physics by W. E. Hazen & R. W. Prpp; 

628 pages; $11.75. 


From W. A. Benjamin, Inc. : 
Nonlinear Optics by N. BLoEMBERGEN; 
222 pages; $9 cloth; $4.95 paper. 
Modern Synthetic Reactions by H. O. 
House; 309 pages; $9. 

Molecular Orbital Theory by C. J. 
BanLHAUSEN & H. B. Gray; 273 
pages; $9 cloth; $4.95 paper, 1964. 

Optics, Waves, Atoms, & Nuclei: An* , 
Introduction by E. L. GOoLDWASSER; 
265 pages; $6 cloth; $3.95 paper. 

Phase Transitions by R. M. Brut? 
202 pages; $9. $ 

The Biosynthesis of Macromolecules by 
V. M. INGRAM; 228 pages; 68 cloth; 
$3.95 paper. 


Blaisdell Publishing Co.—see Ginn & Co. 


From George Braziller, Inc. : 

Education of Vision; 233 pages; The 
Nature & Art of Motion; 195 pages; 
Structure in Art & in Science; 189 
pages, edited by G. Keres; $12.50 


each. 


From Consultants Bureau Enterprises, 

including Plenum Press : 

Handbook of X-Ray Analysis of Poly- 
crystalline Materials by L. I. MrRKIN; 
731 pages; $35, 1964. 

The oe Oscillations of Rotors 
by M. Y. Kusnut’; 124 pages; $25 
paper, 1964. 











MEASURE . i 
MOLECULAR E 
WEIGHTS 


RAPIDLY, PRECISELY 
Molecular weights of both natural and.syn- 1 00 weight instruments offer automatic control, 
thetic polymers are completely character- increased ease of operation, reliable per- 
ized in shorter times than ever before, formance, short-term readings, and 
with Mechrolab's expanded line of in- a, 000, 000 wide range of both operating tem- 
struments.” All Mechrolab molecular peratures and molecular weights. 


"FOR THE RANGE OF 
100 - 20,000 muma averacey 


FOR THE RANGE OF 
500 - 5,000,000 


300 SERIES (WEIGHT AVERAGE) 
VAPOR PRESSURE pus Ter 
OSMOMETER SCATTERING 

PHOTOMETER" 


* Manufactured by S.O,F,LC.A.; 
Sold and serviced exclusively in 
the U.S.A. by Mechrolab, inc, 





Molecular weights are determined by thermoelec- 
trically measuring temperature differences cauged 
by wapor pressure lowering of solvent by solute. A 
series of standard two minute readings at progres- 
sive concentrations enable molecular weights to he 
determined in twenty minutes or less with an at- 





curacy of 1% up to 5,000. 3 
4 
5 
FOR THE RANGE OF s The new Improved Model 42.000 Light Scattering 
1 otometer measures size, shape, mass, and sol- 
20,000 - 1,000,000 onsen averacey H vent-solute interaction of macro-molecules. A goni- 
50d SERIES 1 ometer unit, carrying the ope light pean and 
photo-multiplier tube, fan be rotated electrically 
HIGH-SPEED MEMBRANE between 0° to 180", Fine sensitivity, wide tempera- 
SERVO-OSMOMETER 2 ture range, and broad molecular weight range com- 


bine to make this a productive and versatile 
laboratory instrument, 


«(QOO Us» v 


"» 






“Determines molecular weights by measuring osmotic 
pressures to +.01 cm. of solvent. An optical de» 
tector and a servo-operated pressure system auto- 
matically establish osmotic equilibrium. This 
instrument is capable of measuring up to four con- 
centrations in less than one hour. Output is provided 


HEWLETT 
PACKARD 


For complete descriptive information on Meche 
rolab’s advanced instrumentation for increasing 
laboratory productivity, please write to Mechro- 
lab at 1062 Linda Vista Avenue, Mountain View 4 
California. 
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Quantitative Evaluation *of Predicted 
Reserves of Oil & Gas by N. I. Buya- 
LOV, ei al; 69 pages; $12.50 paper, 
1964. 

Group Constants for Nuclear Reactor 
Calculations, edited by I. I. Bonpa- 
RENKO; 151 pages; $17.50, 1964. 

Fission Product Yields & Their Mass 
Distribution by Yu. A. Zystn, cet al.; 
121 pages; $15, 1964. 

Interpretation of NMR Spectra, An 
Empirical Approach by R. H. BIBLE, 
Jr.; 150 pages; $12.50. 

Open Tubular Columns in Gas Chro- 
matography by L. S. Errre; 164 
pages; $4.95. 

Formula Index to NMR Literature Data, 
Vol. I: References prior to 1961, 
edited by M. G. HowELL, et al.; 206 
pages; $17.50. 

Infrared Band Handbook, Supplements 
1 & 2, edited by H. A. SZYMANSKI; 
259 pages; $15. 

Vacuum Microbalance Techniques, Vol. 
4, edited by P. M. Waters; 288 
pages; $13.50. Proceedings of May 
1964 Pittsburgh Conference. 

Effects of Radiation on Semiconductors 
by V. S. VaviLov; 225 pages; $15. 

Diffusion Processes, Structure, & Proper- 
ties of Metals, edited by S. Z. Box- 
SHTEIN; 135 pages; $22.50 paper. 

Advances in Tracer Methodology, Vol. 2, 
edited by S. Rorcuirp; 319 pages; 
$12.50. 

Aging & Stabilization of Polymers, 
ones by M. B. Nrman; 365 pages; 


Methods of Determining En & p" in 
Sedimentary Rocks by G. A. SOLOMIN; 
55 pages; $10 paper. 

The Adrenals & Resuscitation by M. K. 
KorPAxov;105 pages; $17.50 paper. 
Quantum Electron Theory of Amorphous 
Conductors by A. I. GuBanov; 277 

pages; $17.50. 

Surface Phenomena in Metallurgical 
Processes, edited by A. I. BELYAEV; 
228 pages; $27.50 paper. 

Ceramic Acoustic Detectors by A. A. 
ANAN’EVA; 122 pages; $22.50. 


From Doubleday & Co. : 

Perpetual Motion: Electrons & Atoms in 
Crystals by A. T. STEWART; 146 pages; 
$1.25 paper. 

Sound Waves & Light Waves, The Funda- 
mentals of Wave Motion by W. E. 
Kock; 165 pages; $1.25 paper. 


Doubleday Anchor Originals (paper): 
Research Problems in Biology, Investiga- 
tions for Studenis, Series 3 & 4; 454 
pages; $1.25 each. 


The Free Press—see The Macmillan Co. 


From W. H. Freeman & Co.: 
Handbk. of Paleontological Techniques, 
edited by B. KuwMEL & D. M. RAUP; 
852 pages; $18. 
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The Architecture of Molecules by L. 
PaunmG & R. Havwanp; 128 pages 
including 57 full color plates; $10, 
1964. 

Paperbound University Reviews in 
Biology: The Biology of Hemichordata 
& Protochordaia by E. J. W. BAR- 
RINGTON; 176 pages; The Behaviour of 
Arthropods by J. D. CamrHv; 148 
pages; Reproduction in the Insects by 
K. Q. Davey; 96 pages; Cybernetics & 
Biology by F£. H. GEORGE; 138 pages; 
The Melabolism of Insects by D. 
GILMOUR; 195 pages; The Physiology 
of Nematodes by D. L. Lun; 154 
pages; $2.50 each. 


From Ginn & Co., Blaisdell Publishing Co. 


(unless otherwise noted): 

The Mathematics of Matrices by P. J. 
Davis; 368 pages; $7.50. 

Introduction to the Theory of Relativity 
& the Principles of Modern Physics 
by H. Yrumaz; 216 pages; $8.50. 

Elementary Plasma Physics by L. A. 
ARZIMOVICH; 188 pages; $2.25 paper. 


From Gordon & Breach: 


Group Theoretical Concepts & Methods 
in Elementary Particle Physics, edited 
by F. GumsEv; 425 pages; $19.50, 
1964. Lectures from Istanbul Summer 
School, 1963 

Rare Earth Research IT, edited by K. 8. 
Vorres; 621 pages; $29.50; profes- 
sional individual edition $12.50, 1964. 
Teo SEE of 3rd Conference, April 


963. 

Condensation & Evaporation of Solids, 
edited by E. RurNzEm, et al; 705 
pages; $19.50 professional edition; 
$38 regular edition, 1964. Proceedings 
of U.S. Air Force international sym- - 
posium, September 1962. 

Fundamentals of Engineering Mechanics 
by L. Levinson; 334 pages; $10.50. 
Translated from the Russian. 

Light Scattering from Dilute, Polymer 
Solutions, edited by D. MCINTYRE 
& F. Gornicx; 166 pages; $5.95. 
Vol. 3 of International Science Re- 
view Series. 

Crystal Chemistry of Tetrahedral Struc- 
tures by L. Parte; 176 pages; 
$9.50. 

The Nature of Induction Machines by 
P. L. ALGER; 516 pages; $25. 


From Harcourt, Brace & World: 


Contemporary Physics by D. PARK; 175 
pages; $2.45 paper, Harbinger, 1964. 
Circulation & Respiration, The Evolution 
of an Idea by M. GRAUBARD; 278 

pages; $2.95 paper, 1964. 

The Elements of Chemistry; 401 pages; 
$7.95; The Elements of Chemistry in 
the Laboratory; 138 pages; $3.50; 
paper by L. P. EBLIN. 


Mathematicians, Physicists, Engineers 





CAREERS 
OF HIGH 


CHALLENGE 


at ORI 





Operations Research Incorporated offers 
career opportunities of high potential 
and challenge to experienced profes- 
sionals. 

We seek mathematicians, physical sci- 
entists and systems engineers—individ- 
uals of creative and inquisitive mind—to 
direct their*talents toward: 

e Operatioris and Systems Analysis 
e Mathematical Modeling 
e Applied Physics 

Positions are available both at ORI 
headquarters in Silver Spring, Md. (sub- 
urban Washington, D. C.) and at the 
Army Institute of Advanced Studies at 
Carlisle, Pa. In Carlisle, ORI staff mem- 
bers support U. S. Army policy plan- 
ning through studies requiring the ap- 
plication of advanced OR techniques to 
problems of a large military complex. 

In Silver Spring, ORI is pursuing a 


broad range of study objectives for pri- 
vate industry as well as government and 
the armed forces. Current program areas 
range literally from ASW to astronautics, 
and encompass communications, infor- 
mation systems, many aspects of naval 
warfare, computer simulation, and war 
gaming. 

ORI’s present career openings are at 
every level — junior, intermediate and 
senior—and offer attractive salaries and 
comprehensive career benefits. All posi- 
tions require at least a bachelor's degree; 
pertinent experience is highly desirable. 

To arrange an interview, please send 
your resume to Mr. Lynford O. Russell, 
Professional Staffing 


Operations Research Incorporated 


1400 Spring Street, Silver Spring, Maryland 
CSuburb of Washington, D. C.) 


An equal opportunity employer 
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General College Geology dy A. J. 
EARDLEY; 499 pages; $0.25. 

Tee Theory of Magnetism (An Introduc- 
tion to Cooperative Phenomena) by 
D. C. Martis; 303 pages; $11.50. 

Magnetic Thin Films by R. F. Soonoo; 
316 pages; $11.75. 

The Relevance of Science by C. F. von 
WEIZSACKER; 192 pages; $5, 1964. 

An Introduction to Psychological Statis- 
tics by P. H. DuBois; 530 pages; 
$7.95. 

Foundations of Human Behavior by L. 
Karan; 368 pages; $5. 

Experimenis in General Psychology by 
J. H. L. RoacH, el al; 192 pages; 
$3.75 paper. 

The Discovery of Time by S. TOULMIN 
& J. GooDFIELD; 280 pages; $6.95. 

Biology in the Laboratory by A. E. 
Lee & O. P. Brevanp; 327 pages; 
$3.95 paper. 


From Holden-Day, Inc. : 


Final-Siate Interactions by J. GILLESPIE; 
104 pages: $6.95. 

Tetracyclic Triterpenes by G. OunissoN, 
et al.; 237 pages; $8.75, 1964. 

Physical Methods in Organic Chemistry, 
edited by J. C. P. Scuwarz; 350 
pages; $9.75, 1964 and 1965. 

Structure & Function in Biological 
Membranes, Vol. II by J. L. 
KAVANAU; 760 pages; $14.75. 

Optical Rotatory Dispersion & Circular 
Dichroism in Organic Chemistry by 
P. CRABBÉ; 378 pages; $11.75. 


From The Macmillan Co. (Pergamon 
Press unless otherwise noted): 


American Microelectronics Data Annual 
1964-1965, edited by G. W. A. 
Dummer & J. M. ROBERTSON; 941 
pages; $22.50. 

Nitro Compounds, Tetrahedron, Vol. 20, 
Suppl. 1, edited by T. URBANSKI; 
548 pages; $15; Proceedings of 
September 1963 Warsaw Symposium. 

Handbk. of Radiochemical Exercises by 
An. N. NzsMEYANOV, et al; 448 
pages; $12. 

Man’s Evolution (An Introduction to 
Physical Anthropology) by OC. L. 
Brace & M. F. A. Monracu; 352 


Physics by S. G. MixuuiN; 584 pages; 
$14.50, 

Elements of the Natural Movement of 
Population by E. ViELRosE; 288 
pages; $10. . i 

Pharmacology of Conditioning, Learning 
& Retention, edited by M. Ya. 
MixngvsoN & V. G. Lonco; 365 

" pages; $13. 
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Differential Geometry on Complex & 
Almost Complex Spaces by K. Yano; 
326 pages; $12.50. 

Measurements for Stresses in Machine 
Components by V. F. YAKOVLEV & 
I. S. INYuvIN; 135 pages; $7.50. 

Energetic Processes in Follow-up Elec- 
trical Control Systems by A. A. 
BurcAkov; 126 pages; $6. 

Proceedings of 1st Australian Conference 
on Electrochemistry (1963), edited by 
J. A. FRIEND, et al.; 954 pages; $30. 

Fresh Water from the Sea, edited by A. 
GIRELLI; 179 pages; $9; Spring 1964 
Milan Symposium proceedings. 

Tables of Racah Coefficients by A. F. 
Nixironov, et al.; 319 pages; $15. 

Philosophical Problems of Natural 
Science by D. SHapern; 124 pages; 
$1.50 paper. 

Tables for the Energy & Photon Distribu- 
tion in Equilibrium Radiation Spectra 
by P. A. ApaNasEVICH & V. S. 
AIZENSHTADT; 250 pages; $12.75. 

Men of Ideas, A Sociologists View by 
L. A. Coser; 374 pages; $6.95. The 
Free Press. 

Measure & ‘Integration by S. K, 
BERBERIAN; 312 pages; $9.95. Al- 
lendoerfer Advanced Series. 

Quantum Physics of Electronics by S. N. 
Levine; 301 pages; $8.95. 

Tables of Elliptical Integrals, Part I 
by V. M. Retyaxov, ei al; 647 
pages: $20. 

The Acyclic Aliphatic Tertiary Amines 
by L. Spraurer & J. A. PAPPALARDO; 
512 pages; $18. 

Mechanics of Plastic Deformation in 
Metal Processing by E. G. THOMSEN, 
el al.; 486 pages; $16.50. 

Recent Advances in the Pharmacology of 
Toxins, edited by H. W. Rauponat; 
240 pages; $10. Proceedings of 2nd 
International Meeting, Prague, 
August 1963, Vol. 9. " E 

Electrophysiology of the Heart, edited by 
B. TACCARDI & G. MARCHETTI; 344 
pages; $15. Proceedings ofe Milan 
Symposium, October 1963. . 

Acid-Base Equilibria by E. J. Kina; 
341 pages; $17.50. 

Introductory College Chemistry by F. J. 
Quicx; 552 pages; $6.95, Macmillan. 
Introductory Computer Methods & Nu- 
merical Analysis by R. H. PENNING- 

TON; 452 pages; $9, Macmillan. 

The Effect of Metallurgical Variables on 
Superconduction Properties by J. D. 
Lrvinesron & H. W. SCHADLER; 104 
pages; $4.50 paper. Vol. 12, No. 3, 
Progress in Materials Science, 1964. 

Tables of the Function wlz) = 


z 
e72: Í ez'dz in the Complex Domain 


0 
by K. A. Karpov; 519 pages; $19.75 
1964, Vol. 27 of the series. 


Science and IDA 





Washington is the decision-making center of the free 
world. In that center, IDA functions as a scientific 
adviser to the Department of Defense. Our iue 
environment is the gray area of those major nationa 
problems where too little if known and too much is 
at risk to hazard an intuitive decision. IDA provides 
responsible DOD decision-makers with the scientific/ 
technical input required to eliminate or lessen the 
areas of uncertainty. 

Physical scientists . . . along with electronic and 
aergnautical engineers, mathematicians, operations re- 
searchers and representatives of many other disci- 
plines . . . have put their minds to work at IDA. In 
a world in which the complexities and exigencies of 
our nation's defense and foreign policy continue to 
increase and grow more critical, IDA's programs must 
also continuesto expamd. In short, IDA finds itself in 
the position of requiring its own new input... from 
the nation's scientific and engineering communities. 

We seek highly qualified physicists and other sci- 
entists and engineers for both short-term (two to three 
years) and permanent appointments. Valuable at- 
tributes include those intangibles called ‘creativity’ 
and ‘originality’ along with an interest in applied 
problem solving—applied to many of the very crucial 
problems our nation is facing today and in the years 
ahead. A career at IDA can present a challenge of 
satisfying proportions and provide a reward of sub- 
stance. Write us; we may well have mutual interests. 

Institute for Defense Analyses, 400 Army-Navy 
Drive, Arlington, Virginia (Suburb of Washington, 
D.C.). An equal opportunity employer. 


California Institute 
of Technology 


Case Institute 
of Technology 


University of Chicago 
Columbia University 
University of Illinois 


Massachusetts Institute 
of Technology 


University of Michigan 


Pennsylvania State 
University 


Princeton University 
Stanford University 
Tulane University 
University of California 
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Tables of the Normal Brobability In- 

tegral, the Normal Density & Its 

e Normalized Derivatives, edited by N. 
V. Smirnov; 125 pages; $7.50, 1964. 
Vol. 32 of the series. 

Current Aeronautical Fatigue Problems, 
edited by J. Schijve, et al.; 499 pages; 
$17.50. Proceedings of Rome Sym- 
posium, April 1963. 

A Collection of Problems of Mechanics 
by «I. V. MEsuHcHERsKII; 518 pages; 
$12.50. 

Psychosomatic Research, A Collection of 
Papers by J. J. GROEN, et al.; 318 
pages; $12. 

Oligosaccharides by R. W. BarLEY; 
179 pages; $8.50, 1964. 

Progress ?n Oceanography, Vol. 2, edited 
by M. Sears; 271 pages; $12, 1964. 

Non-linear Differential Equations by 
oe & R. Contr; 536 pages; 

The Future of Fuel Technology, edited by 
G. N. Crrrcuiny; 237 pages; $10. 
Proceedings of Ámsterdam  Con- 
ference, May 1963. 

The Pleasures of Math by A. W. Goop- 
MAN; 224 pages; $4.50; Macmillan. 

A Treatise on Trigonometric Series by 
N. K. Bary; Vol. I, 553 pages; $12; 
Vol. 2, 508 pages; $15, 1964-65. 

The Solvent Extraction of Metal Chelates 
by J. Srary; 240 pages; $8.50, 1964. 

Drugs & Respiration, edited by D. M. 
Aviano & F. PALECEK; 241 pages; 
$10, 1964. 

Essays on Physiological Evolution, edited 
by J. W. S. Prince & T. M. Tur- 
PAYEV; 364 pages; $12. 

Tables of the Legendre Functions, Part 2 
by M. I. ZuumNA & L. N. Karma- 
ZINA; 409 pages; $16.75. Mathe- 
matical Tables Services Vol. 38. 

Practical Aerodynamics by A. K. 
Marrynov; 386 pages; $12. 

The Role of Psychosomatic Disorder in 
Adult Life, edited by J. O. Wispom 
& Worrr; 229 pages; $8.50. 
Proceedings of 1961 London Con- 
ference. 

Principles of Treatments of Psychoso- 
matic Disorders, edited by P. Hor- 
xins & H. Worrr; 118 pages; $5. 
Proceedings of 1962 London Con- 
ference. 

Electronic Amplifiers for Automatic 
Compensators by D. YE PoLoNNIKOV; 
324 pages; $12. 

Shortest Paths, Variational Problems 
by L. A. LrusrERNIK; 102 pages; 
$2.75. 

Systems of Linear Equations by B. E. 
Maraus; 88 pages; $2.75. 

The TRO of Power Generation by 
G. "ia HOLODOVSKH; 102 pages; 


$4.50. 

A Manual of Aircraft Loads by J. 
"TAvron; 350 pages; $15. 

Rubidium & Caestum by F. M. PEREĽ- 
MAN; 146 pages; $9. 
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Electrical Analogues of Pin-Jointed Sys- 
tems, edited by K. K. Keropyan; 140 
pages; $6.50. 

Powder Metallurgy by S. A. TsuxER- 
MAN; 140 pages; $6. 

A Textbook of Nuclear Physics by C. M. 
H. Smrru; 822 pages; $17.50. 

The Use of Ultrasonics in Molecular 
pha by V. F. Nozprev; 424 pages; 


The Common Liver Fluke by E. M. 
PANTELOURIS; 259 pages; $12. 

Dynamics of Stellar Systems by K. F. 
OconoDNIKOV; 359 pages; $15. 

Biochemical & Neurophystological Cor- 
relation of Centrally Acting Drugs, 
edited by E. Trasuccut, et al.; 288 
pages; $13, 1964. Vol. 2 of August 
1963 Proceedings. 


Developments in Theoretical & Applied © 


Mechanics, Vol. 2, edited by W. A. 
Suaw; 651 pages; $22.50. Proceedings 
of Ga. Institute of Technology Con- 
ference, March 1964. 

Wanderers in the Sky (The Motions of 
Planets & Space Probes), edited by 
T. Pace & L. W. Pace; 338 pages; 
$7.95. Vol. I of Maemillan's Sky & 
Telescope Library of Astronomy. 

Principles of Animal Biology by L. S. 
Dintion; 561 pages; $7.95, Mac- 
millan. 


From McGraw-Hill Book Co. : 


Silently, ByeNight by R. PETERSON; 


227 pages; $6.95. 
Data Transmission by W. R. BENNETT 
& J. R. Davey; 356 pages; $14.50. 
Mechanics, Berkeley Physics Course, 
Mes A by C. KITTEL, et al.; 480 pages; 
M. Du of Electromechanical Devices by 


. €. GREENWOOD; 337 pages; 
$12.50. $ 
CPM in Construction Management’ 


(Scheduling by the Critical Path 
Method) by J. J. O'BRIEN; 254 pages; 


$10.75. : 

McGraw-Hill Yearbook of Science & 
Technology—1964. Review; 1965 Pre- 
view, edited by D. I. EGGENBERGER; 
454 pages; $22.50. 4th vol. in series 
updating McGraw-Hill Encyclopedia 
of Science & Technology. 

Where Science & Politics Meet by J. B. 
WIESNER; 302 pages; $6.95. 

Integrated Circuits (Design Principles & 
Fabrication), edited by R. M. War- 
NER, JR. & J. N. Forpemwatr; 385 
pages; $12.50. 


From W. W. Norton & Co.: 

The Breath of Life, The Problem of 
Poisoned Air by D. E. Carr; 175 
pages; $3.95. 

Science & the Shabby Curate of Poetry 
(Essays about the 2 cultures) by M. 
GREEN; 159 pages; $5. ; 

Yearbook of Astronomy 1965, edited by 
P. Moore; $4.50. 


INERSITY 


maumes. um INC. 
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Doppler radar and special weatheifballoons are being 
used by Cornell Aeronautical Laboratory in a program 
to develop more accurate wind velocity observations. 


Monitored and sponsored by NASA's Marshall Space 
Flight Center, the project's goals are to select improved 
balloons for wind tracing and to gain an understanding 
of how their aerodynamic characteristics influence 
their performance as wind tracers. Of various balloons 
being ‘released by CAL meteorologists, a radically dif- 
ferent one (shown above) is 614 feet in diameter and 
resembles a hedgehog. Its finger-shaped spikelets are 
intended to give greater sfability during flight. 


CAL’s challenging range of applied physics research 
extends far beyond this weather balloon study — to 
experimental programs in radio astronomy, propagation 
influences on high-resolution radar performance, and 
investigations of atmospheric phenomena with Doppler 
and other specialized radars. Optical and r-f pho- 
tometry, theoretical and experimental studies of the 
radar characteristics of various objects, including 
wakes of re-entry bodies, study of the interaction of 
electromagnetic energy with ionized gases, and lunar 
mapping are other facets of applied physics here. 


In an environment of modern equipment and tech- 
niques, the Laboratory's highly skilled 500-man tech- 





nical staff continues at the forefront of many other 
areas, such as flight research, avionics, aerospace 
vehicle research, low-speed aerodynamics, hypersonics, 
operations and systems research, applied mechanics, 
and transportation research. 


If your experience qualifies you to join this indepen- 
dent community of science, mail the coupon for an 
interesting briefing. Positions are available in both 
Buffalo and Washington. 


E CORNELL AERONAUTICAL 
LABORATORY, INC. 
OF CORNELL UNIVERSITY 


MÀ —À —À — —À eean soe HS NH €: 


J. A. Rentschler WB | 
CORNELL AERONAUTICAL LABORATORY, INC. : | 
Buffalo, New York 14221 


| C] Please send me a copy of your factual, illustrated 

prospectus, “ʻA Community of Science," and an 
i application blank. l 
I [1 I’m not interested in investigating job opportunities l 
I now, but | would like to see your latest ''Report on 


Research at CAL.'* l 
Namorada NEED ana aR crt ! 

| SLrGbt uo aee add iN passes Serbian i 
] City... eitis State. scu yA) TE TET H 
| An Equal Opportunity Employer | 
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Plenum Press—see Consulfants Bureau 
Enterprises. 


. 

From Prentice-Hall : 

Astrophysics & Space Science, An In- 
tegration of Sciences by A. J. Mc- 
MAHON; 444 pages; $15. 

Social Deviance (Social Policy, Action, & 
Research) by L. T. Wirxiws; 311 
pages; $5.95; Tavistock Publications. 

Cosmic*Radiation & High Energy Inter- 
actions by V. D. Hopper; 234 pages; 
$12.95; Logos Press. 

Applications of Absorption Spectros- 
copy of Organic Compounds by J. R. 
DYER; 143 pages; $5.50 cloth; $2.50 
paper. Vol I The Foundations of 
Modern Organic Chemistry Series, 
Kr. RINEHART, JR., General Editor. 

Radiotracer Methodology in Biological 
Science by C. H. Wane & D. L. 
WIIs; 382 pages; $16. 

Lectures on General Relativity, Vol. I, 
1964 by A. TRAUTMANN, el al; 
459 pages; $5 paper. Brandeis Sum- 
mer Institute in Theoretical Physics. 

Beyond the Edge of Certainty (Essays in 
Contemporary Science & Philosophy), 
a by R. G. Cotopny; 287 pages; 

A45. 

Elements of ihe Theory of Probability 
by E. BonEL, translated by J. E. 
FREUND; 179 pages; $5.75. 

An Author's Guide to Scholarly Pub- 
lishing & the Law by J. C. Hogan & 
S. Comen; 167 pages; $5.50. 


From Reinhold Publishing Corporation : 

Plasticizer Technology, Vol. I, edited by 
P. E. Brurns; 248 pages; $12.75. 

An Introduction to Counting Techniques 
& Transistor Circuit Logic by K. J. 
DEAN; 223 pages; $6.75. 

Humidity & Moisture (Measurement & 
Control im Science & Industry), Vol. 
II: Applications, edited by E. J. 
Ampur; 634 pages; $27.50. A. 
WEXLER, Editor-in-Chief, 

Human Genetics & Ils Foundations by 
M. WurrTINGHILL; 431 pages; $8.95. 


From The University of Arizona Press: 
Communications of the Lunar & 
2 Planetary Laboratory, Vol. 2, Nos. 
86-39; G. P. KuiPER, Director; 216 
pages plus plates & charts; $4.50 
paper. 
From University of California Press : 

Cloud Structure Distributions over the 
Tropical Pacific Ocean by J. S. 
Markus & H. RIEHL; 229 pages; 
$7.50, 1964. 

The Lives of Desert Animals in Joshua 
Tree National Monument by A. H. 
MILLER & R. C. STEBBINS; 452 pages; 
$10, 1964. 

Shore Wildflowers of California, Oregon, 
& Washington by P. A. Munz; 122 
pages; $2.95 paper, $4.75 cloth, 
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Kepler's Dream by J. Lear; 182 pages; 
$5. 1964. 


From Cambridge University Press, New 
York: 
Chemical Reactor Theory by K. C. 
Dernsiau; 184 pages; $6.50. 
Olduvai Gorge (1961-1961, Vol. 1: 
Fauna & Background) by L. S. B. 
Leakey; 118 pages; $14.50. 
The Experimental Basis of Modern 
Beles by J. A. Ramsay; 337 pages; 


Essays on Crop Plant Evolution, edited 
by J. Hurcuinson ; 204 pages; $9.50. 
Records of the American-Australian 

Scientific Expedition to Arnhem Land, 
C. P. Mountrorp; General Editor; 
R. L. Srecur, editor of Vol. IV, 
Zoology; 533 pages; $19.50; Mel- 

bourne University Press. 

Theory & Practice in Experimental 
Bacteriology by G. G. MEYNELL & E. 
MEYNELL; 288 pages; $9.50. 

Function & Structure in Micro-Organ- 
isms, edited by M. R. Porrock & 
M. H. Ricumonp; 405 pages; $13.50. 
London Symposium 1965. 


From The University of Chicago Press: 

Quasi-Stellar Sources & Gravitational 
Collapse, edited by I. ROBINSON, 
et al.; 475 pages; $10. 

Fundamental Astrometry (Determination 
of Stellar @oordinates) by V. V. 
Poposep; 236 pages; $7.50. 

Gravitation Theory & Gravitational Col- 
lapse by B. K. Harrison, ei al; 
177 pages; $6.50. 

From Columbia University Press: 
The Natural Geography of Plants by 


H. A. GruEAsoN & A. CRONQUIST; 
420 pages; $10, 1964. 
From Harvard University Press: 
Resistance to Tuberculosis by M. B. 
Lunrx; 391 pages; $10. : 
Transport Vir ig of Helium from 200 
to 60,000°K by W. J. Lick & H. W. 
Emmons; 106 pages plus diagrams; 
boxed paper; no price given, 


From The Johns Hopkins University 
Press: 

Mammals of the World by E. P. WALKER 
& Associates; Vols. I & II, 1500 
pages; $25 boxed; Vol. III, 768 
pages; $12.50, 1964. 


From Massachusetts Institute of Tech- 
nology Press: 

Mathematics: Its Content, Methods, & 
Meaning, edited by A. D. ALEKSAND- 
ROV, et al. Vol. I translated by S. H. 
Gourp & T. Barraa; Vol. I1 trans- 
lated by S. H. Gour»; Vol. III trans- 
lated by K. Himscu; 1100 pages; 
$30-3 vols. boxed, 1963. 

rite by R. W. Crank; 458 pages; 


DIVISIONS 


have openings 
in the following fields: 


Electronics 


Pattern Recognition, Network Synthesis, 
Random Noise Theory, Speech Synthesis, 
Data Retrieval, Microwave Systems Re- 
ceiver Design, Logic Design, Circuit De- 
sign, Machine Intelligence 


"Wig uu; Chemistry 
fe. T CM Molecular Spectroscopy, Low Tempera- 
ture Phenomena, Gas Solid Reactions, 
E Gas Phase Kinetics, Gas Chromatography, 
AEN SRL Mass Spectrometry, Electro-Chemistry, 
FO Mal : Enzymology 
str Ma d * ^, s. 
: MICROELECTRONICS ^ Biology 
noA TENE Microbiology, Virology, Immunology, Phar- 


ORDNANCE DEVICES ^ , ; i 
“oY macology, Biophysics, Tissue Culture 


`, COMMUNICATIONS ' A : 

up. Technical Programming 

. TEST AND " . . 

«EVALUATION / Symbolic and machine language pro- 
gramming of real-time computer con- 


Le. v ; 
XS SPACE SCIENCES. 7 à 
N Y oS trolled man-machine systems for small 


“LIFE SClERCES Á special purpose digital computers 


For further details, write in strictest confidence to: 
Clarence Endsley, Professional Placement 


MELPAR iunc 


A SUBSIDIARY OF WESTINGHOUSE AIR BRAKE COMPANY 
3480 ARLINGTON BOULEVARD 
FALLS CHURCH, VIRGINIA 


{a suburb of Washington, D. C.) 
“an equal opportunity employer 





From Melbourne University Press—see 
Cambridge University Pfess 


Fm The University of Missouri Press: 


Science, T'echnology & H'uman Values by 
À. C. BENJAMIN; 206 pages; $7. 


From New York University Press: 
Astronomy; 354 pages; Physics; 3382 
pages, edited by S. RAPPonT & H. 
Wriacut; $4.95 each. 


From Oxford University Press: 


Introduction to Logic & to the Methodol- 
ogy of Deductive Sciences by A. 
TARSKI; 252 pages; $1.85 paper. 


From The Pennsylvania State University 
Press: 
Naturalistic Behavior of Nonhuman 
Primates by C. R. CARPENTER; 454 
pages; $9.50. 


From Princeton University Press: 
Knot Groups by L. P. Neuwirru; 114 


pages; $3.50 paper; No. 56 Annals of 
Mathematical Studies. 


From Stanford University Press: 

Stimulus Generalization, edited by D. T. 
MosroisxY; 389 pages; $11.50. 

Auroral Phenomena, Experiments & 
Theory, edited by M. Waur; 170 
pages; $6.50. 

Cell Biology, A Current Summary by J. 
PauL; 197 pages; $4.75. 


From University of Washington Press: 
Estrogen Assays in Clinical Medicine, 
Basis & Methodology, edited by C. A. 
PAULSEN; 396 pages; $15. 


From The University of Wisconsin Press : 


Algal Cultures & Phytoplankton Ecology 
by G. E, Foca; 126 pages; $5.50, 
1964. 

The Paths of Culture: A General Ethnol- 
2 by K. BIRKET-SMITH; 537 pages; 


From Yale University Press: 


Embryology of the ovary & testis Homo 
sapiens & Macaca mulatta by G. 
van WAGENEN & M. E. SIMPSON; 
256 pages; $7.50. 

Exploration uf Alaska 1866-1900 by 
M. B. SHerwoop; 207 pages; $6.50. 


From D. Van Nostrand Co. : 


Circuits with Periodically - Varying 
Parameters by D. G. Tucker; 175 
pages; $6.75. 

The Chemical Foundations of Molecular 
ip by R. F. STEINER; 468 pages; 

12. 

Histochemistry of ihe Skin—Psoriasis 
by A, JannETT & R. I. C. SPEARMAN; 
115 pages; $5.50. 

Identification & Analysis of Plastics by 
J. HASLAM, et al.; 483 pages; $18. 
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Clinical Phonocardiography by D. C. 
Deucuanr; 144 pages; $3.75. 

Polymers: Structure & Bulk Properties 
by P. Meares; 381 pages; $12.50. 


From John Wiley & Sons (Interscience 
unless otherwise noted): 


Crystalline Olefin Polymers, edited by 
R. A. V. Rarr & K. W. Doax; 1003 
pages; $32.50. Vol XX, Part I 
High Polymers. 

Physics by K. R. Atkins; 754 pages; 
$9.50; Wiley. 

Amperometric Titrations by J. T. Srock; 
730 pages; $25. 

Spectroscopic Properties of Rare Earths 
by B. G. WrsounNE; 236 pages; 
$10.50. 

Cosmic Ray Physics by A. E. SAND- 
STROM; 421 pages; $15. ] 

Progress in Optics, Vol. IV, edited by 
E. Wor; 327 pages; $13.50. 

Multivariate Statistical Analysis for 
Biologists by H. Sear; 207 pages; 
$7.75; Wiley. 

Sunspots by R. J. Bray & R. E. Loucu- 
HEAD; 303 pages; $13.75; Wiley. 

Light by R. W. DrrcHBURN; 833 pages 
a i paperbound volumes; $4.95 each; 

ey. 

Studies in Statistical Mechanics, Vol. 
III, edited by J. pz Bourn & G. E. 
UHLENBECK; 388 pages; $14.75. 

Numerical Methods by B. Nonus; Vol. 
I: Iteration, Programming & Algebraic 
Equations; 186 pages; $2.75; Vol. IT: 
Differences, Integration & Differ- 
ential Equations; 372 pages; $3. 

Introduction to Field Theory by I. T. 
Apamson; 180 pages; $2.75. 

Handbook of Mathematical Psychology, 
Vol. III (Chapters 15-21), edited by 
R. D. Luce, et al.; 537 pages; $11.95... 

Physics & Chemistry of the Organic Solid 


State, Vol. IT, edited by D. Fox, et’. 


al.; 975 pages; $27.50. ae 

Switching Theory, Vol. I: Combinational , 
Circuits by R. E. MILLER; 351 pages; 
$12.95. v 

Mathematical Theory of Reliability by 
R. E. Bartow, e$ al; 258 pages; 
$11. A 

Advances in Photochemistry, Vol. 3, 
edited by W. A. Novus, JR., et al; 
286 pages; $12.50, 1964. — 

Principles of Inverter Circuits by B. D. 
Berorp & R. G. Hort; 413 pages; 
$12.75, 1964; Wiley. 

Friction & Wear of Materials by E. 
Razsrinowlcz; 244 pages; $12; Wiley. 
The Chemistry of Alkenes, edited by 8. 
Parar; 1315 pages; $37. One of The 
Chemistry of Functional Groups 

treatises. 

Organic Reactions, Vol. 14, A. C. COPE, 
Editor - in - Chief; 498 pages; $14; 
Wiley. 

Readings in Mathematical Psychology, 
Vol. 2, edited by R. D. Luce, et al.; 
508 pages; $8.95; Wiley. 


Problems in Palaeoclimatology, edited by 
. E. M. Namn; 705 pages; $18. 
Proceedings of NATO conference, 
University of Newcastle-upon-Tyne, 
January 1963. 
Flame Spectroscopy, Parts I & III by 
Mavropinganu; Part II by H. 
Borrnux: 721 pages; $42 boxed; 
Wiley. 

Two-Dimensional Problems in Hydro- 
dynamics & Aerodynamics by L. I. 
Srvov; 427 pages; $16.50. 

Pumps & Blowers: Two-Phase Flow by 
A. J. SrEPANOFF; 316 pages; $12.50; 
Wiley. 

Theoretical Hydromechanics by N. E. 
Kocanın, et al.; 577 pages; $20; 1964. 
Theory of Sampled-Dala Control Sys- 
tems by D. P. Linvorrr; 305 pages; 

$10.75. 

Conformational Analysis by E. L. 
ELIEL, et al.; 524 pages; $15. 

Regional Geomorphology of the United 
States by W. D. THorNsury; 609 
pages; $14.75; Wiley. 

Plasma Diagnostics with Microwaves 
by M. A. Heatp & C. B. WHARTON; 
452 pages; $13.50; Wiley. 

Principles of Surface Coating Technology 
by D. H. PARKER; 817 pages; $27.50. 
Theory of Superconductivity by G. 

RIcKAYZEN ; 483 pages; $22.50. 

Metalorganic Polymers by K. A. ANDRIA- 
NOV; 371 pages; $12.75. 

Elements of Neuropgysiology by S. 
Ocus; 621 pages; $14; Wiley. 

Mechanics of Incremental Deformations 
by M. A. Bior; 504 pages; $17.50; 

iley. 

Introductory Circuit Analysis by S. I. 
Pearson & G. J. MALER; 546 pages; 
$10.75. 

Addition Theorems of Group Theory & 
Number Theory by H. B. MANN; 
114 pages; $8.75. 

Metabolism & Physiological Significance 

- of Lipids, edited by R. M. C. Dawson 

. & De N. Rnuopzs; 657 pages; $21. 
Proceedings ‘of Advanced Study 
ar held at Cambridge, September 


Safety & Accident Prevention in Chemical 
Operations, edited by H. H. Fawcerr 
& W.S. Woon; 617 pages; $19.75. 

Radiation Damage in Crystals by L. T. 
CuappERTON; 202 pages; $6.75; 
Methuen. 

Progress in Nuclear Techniques & In- 
strumentation, Vol. I, edited by F. J. 
M. FARLEY; 398 pages; $17.50. 

Introduction to Physical Geography by 
A. N. STRAHLER; 455 pages; $7.50. 

Discrete-Time Systems, An Introduction 
to the Theory by H. Freeman; 241 
pages; $10. 

Geohydrology by R. J. M. pg Wiest; 
366 pages; $10.95; Wiley. 

Principles Ed General Thermodynamics 
by G. N. Hatsorovtos & J. H. 
Krenan; 788 pages; $15; Wiley. 


Space Resgarch V, edited by D. G. 
KQiNG-HzgLE, et al; 124B pages; 
$47.50. Proceedings of Space Science 
Symposium, Florence 1964. * 


From John Wiley & Sons, Science Edi- 
tion paperbacks, 1964 : 

Fayciogampiaqn A Source Book, edited 

or F. Resp, et al; 804 pages; 


The Image & Appearance of the Human 
Body by P. ScmILDER; 353 pages; 

A Behavior System by C. L. Hur»; 372 
pages; $2.25. 

The Peychology 
ment by R. F. 
$1.45. 


of Character Develop- 
Pzcx, et al.; 267 pages; 


Miscellany 


From Houghton Mifflin Co. : 
Wild Heritage by S. CanniGHan; 276 
pages; $5.95. 


From Chilton Books. : 


The Quest: A Report on Extraterrestrial 
Life by A. ALLEN; 323 pages; $4.95. 


From W., B. Saunders Co. : 
Mental Retardation: A Family Study 
by E. W. Reep & S. C. REED; 719 
pages; $16.50. 


From The Ronald Press Co.: 
The Story of Optometry by J. R. GREGG; 
305 pages; $5.50. 
Weather Eyes in the Sky (America’s 
Meteorological Satellites) by J. G. 
VAETH; 124 pages; $5. 


From Random House: 
Groups & Their Graphs by I. Gross- 
MAN & W. MaaNus 195 pages; 
$1.95 paper. 


From The Cold Spring Harbor Laboratory 
of Quantitative Biology, Cold Spring 
Harbor, N.Y.: 

Human Genetics, Vol. 29 of this Labora- 
tory’s Symposia, edited by L. Friscx; 
492 pages; $15, 1964. 


From The C. V. Mosby Co.: 


Introduction to General Chemistry by 
J. K. Homes, 446 pages; $7.75. 


From H. K. Lewis & Co. Ltd., 136 Gower 
St., London, W.C. 1: 

Reconnaissance, An Approach to Ez- 

ploration by A. MozLEY; 60 pages; 98. 


From American Society for Microbiology, 
115 Huron View Blvd., Ann Arbor, 
Mich.: 

Spores IIT, edited by L. L. CAMPBELL 
& H. O. HALVORSON; 242 pages; 
$6. Allerton Pk., Il. Symposium, 
October 1964. 
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From D.C. Heath & Co.: , 
University Chemistry by J. C. BAILAR, 
JÈ., et al.; 708 pages; $9.25. 
F'oundations of Electricity & Magnetism 
by T. G. BAnNEs; 381 pages; $8. 


From American Chemical Society, 1155 
16th St, N.W., Washington, D.C. 
20036: 

Fuel Cell Systems, G. J. Youne & H. R. 
Lingen Chairmen; 360 pages; $8; 
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From U.S. Government Printing Office, 
Washington, D.C. 20402: 


The American Oyster by P. S. GALTSOFF; 
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From Biological Sciences Curriculum 
Study, Box 930, Boulder, Colorado 
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Chemist W. G. Guldner examines appa- 
ratus for “flashing” thin-film samples to : 
remove gases for analysis. Helical tube — ; E 
és xenon flash surrounding vacuum j 
chamber indicated in drawings below. 





“FLASHING” THIN FILMS FOR QUANTITATIVE ANALYSIS 


In making tantalum thin-film 
circuits, the tantalum is de- 
posited on a substrate. Nitrogen 
is added during the deposition 
to form tantalum nitride, which 
helps stabilize resistance and 
capacitance values. After a film 
is formed, one then needs a 
quantitative analysis of the 
amount of nitrogen and other 
gaseous elements it contains. 
. A new technique has been 
developed at Bell Laboratories 
to perform this analysis quickly 
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and accurately. As shown in 
the photograph above and in 
highly simplified form in draw- 
ing A, a sample of a film on its 
substrate is placed in a glass 
vacuum chamber. This cham- 
ber, surrounded by a xenon 
flash tube, is then subjected 
to a one-millisecond flash of 
light. As indicated in drawing 
B, the light energy is selectively 
absorbed by the film and has 
little effect on the substrate oron 
the walls of the glass chamber. 
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Research and Development Unit of the Bell System 


The film is vaporized, and the 
temperature is high enough to 
dissociate the tantalum nitride. 

Drawing C illustrates the 
chamber after the flash. Tanta- 
lum atoms have been driven 
to the inside walls of the cham- 
ber and are there condensed. 
Most of the released nitrogen 
and other elements are now in 
gaseous form within the cham- 
ber. Thesg are pumped out for 
analysis by gas chromatography 
or other means. 
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COLLOIDAL MACROMOLECULAR PHENOMENA 
By O. A. BATTISTA 


HE SCIENCE and technology of polymers during the past few decades 
T have been centered largely around the phenomena and the products 
that result from precipitating or "freezing" into fixed matrices molecular 
dispersions of polymers to give important commercial structural shapes 
and objects comprising fibers, films, and plastics. 

Actually, the evolution of the existing multibillion dollar polymer 
industries took place in two distinct steps; the results of both paths of 
growth continue fb be important commercially. Firstly, a natural 
polymer, cellulose, was derivatized to make its constituent molecules 
soluble in a relatively inexpensive solvent. Such molecular dispersions 
were reconstituted into useful fibers and films ; for example, cellulose 
nitrate dissolved in acetone was fashioned into the first "artificial silk," 
a hazardous yet fashionable fiber at the time. This was followed by 
dissolving cellulose xanthate in sodium hydroxide, and cellulpse acetate 
in an acetone-water solvent, to give viscose rayons and acetate fibers, 
` réspectjvely, both of which remain very much in abundance and com- 
mercially prosperous. The second step occurred with the synthesis of 
man-made polyamide polymers by Wallace H. Carothers and his 
associates at DuPont, starting with the nylons in 1939 (0j. 

The thermoplastie synthetic nylon polymers, like their thermo- 
plastic successors, reach molecular dispersions wherein individual mol- 
ecules are mobile and capable of interacting in a physical sense. The 
polymer is carefully fused by heat in an inert atmosphere and the 
resulting melt is squeezed and shaped through orifices to give fibers, 
films, or shaped plastic objects. As the extruded melt is cooled—and 
usually stretched—its constituent long chain molecules aggregate and 
become locked in a three-dimensional web or mat rix; the geometry or 
architecture of this matrix varies significantly with each thermoplastic 
polymer species. The final properties of such products are very much 
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Fic. 1A. Microcrystals of wood cellulose, 25,000 x . 


dependent upon: (1) the homogeneity or nonhomogeneity of the packing 
of the macromolecules during the precipitation, (2) “freezing,” or after- 
treatment steps which a polymer system may be subjected to, and (3) 
other factors such as the chemical composition and the rigidity of the in- 
dividual molecular chains involved. 

Literally thousands of publications are available for characterizing 
“molecular” dispersions of the constituent long chain molecules in 
polymer products. Equally extensive effort has gone into studies aimed 
at understanding and measuring how individual macromolecules 
aggregate into clusters and arrange themselves into useful polymer 
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bd Fra. 1B. “Microcrystals’’ of colloidal alumina, 25,000 x . 


produets or objects, both natural and synthetic. 

This article concerns itself with "colloidal macromolecular phenom- 
ena," phenomena associated with discrete, highly crystalline aggre- 
gates of hundreds or thousands of long chain molecules, particles in 
general having a high length to diameter ratio, and being approxi- 
mately 1 micron in their largest dimension, and at least 25 A, more 
generally 50 A or more in their smallest dimension. In effect, our defini- 
tion of colloidal macromolecular particles encompasses aggregates of 
molecules which are joined by strong lateral bonding forces, in such a 
manner as to form truly discrete colloidal particles having dimensions 
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offthe order of magnitude of polymer micelles, and molecular weights in 
the many millions. It is of special importance, of course, that the indi- 
vidual long chain molecules in each discrete particle are essentially 
locked in a “microcrystalline” matrix in an extended or linear state. In 
essence, one must recognize that long chain linear molecules "frozen" 
in a mkrocrystalline particle will occupy an effective volume quite 
different from the same molecules free to move about in dilute molecular 
dispersions. 

There are at least two commercial products now available which 
depend largely upon colloidal macromolecular phenomena for their 
utility in a host of novel applications: (1) Baymal® colloidal alu- 
mina [10-15] and (2) Avicel® microcrystalline cellulose (3-9, 17, 18}. There is 
reason to believe that these two products are the forerunners of many 
new products to come, new products which will be fashioned from both 
synthetic as well as natural high polymers, from organic as well as 
inorganic high polymers. 

The remarkable similarities in properties between these two colloidal 
macromolecular products—despite their complete dissimilarities in 
chemical composition, drive home the focal point underlying the interest 
in and promise of colloidal macromolecular phenomena. 

Our first similarity is in the dimensions of the basic, discrete micellar- 
type colloidal macromolecular particles. Figure 1A aad Figure 1B show 
individual colloidal microcrystalline particles of cellulose and alumina, 
respectively. 

The similarity in size and shape of these macromolecular colloidal 
particles is striking. What is even more striking, however, is that, 
despite the great disparity in chemical composition, despite the fact 
that one particle (Figure 1A) is 100% organic and carbohydrate in 
nature and the other particle (Figure 1B) is inorganic in nature, colloidal 
dispersions, creams, and gels of these materials possess similar rheolog- 
ical, physical, and functional properties. This is the nexus of the ' 
novelty and of the practical importance of reducing well-defined aggre- 
gations of high polymeric materials to truly colloidal dimensions, 
namely circular or rectangular rods or platelets of the order of 50 A 
x 50 A x >1000 A. 

The foregoing comments are all the more intriguing when we realize 
that the microcrystals of cellulose were isolated from a natural product, 
purified wood cellulose, with essentially the same geometrical dimensions 
as nature made them. The “microcrystals” of alumina or fibrils of 
boehmite, on the other hand, are synthetic particles prepared by the 
controlled heating of a basic aluminum salt solution. These colloidal 
particles are physically analogous to aggregates of linear, high molecular 
weight polymers. 

The size and shape of the natural cellulose microcrystals are more or 
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Fic. 3. Microcrystals of cellulose recovered from rayon tire cord, 25,000 x . 
. 


less fixed by nature. But wide variations in the dimension of such 
particles are possible by the appropriate choice of the natural raw 
material. Then, too, by using regenerated celluloses as the source of the 
microcrystals, an even wider selection of microcrystal sizes is pos- 
sible 1, 2}. Table 1 illustrates this range (2j. Figures 2 and 3 are electron 
micrographs illustrating the wide spread in the lengths of microcrystals 
possible; microcrystals of cotton cellulose are compared with micro- 
crystals from viscose rayon at the same magnification. 

It has been well established that the level-off degree of polymerization 
of cellulose (D.P.) is a reasonably accurate yardstick for measuring the 
length of the recovered microcrystals 12). 
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gn the case of microcrystals of boehmite, or colloidal alumina on the 
other hand, because they are produced synthetically from a solution 
phase, the particle size and specific surface area of these macromolecular 
particles can be varied and accurately controlled. With this system, 
there is an opportunity to control several variables that are important 
in determining the final size and shape of the colloidal boehmite particles 
—variables such as the anion type, anion concentration, alumina con- 
centration, and the time-temperature heating curve. 


TABLE 1 
VARIABILITY IN MICROCRYSTAL LENGTH IN 
NATURAL AND REGENERATED CELLULOSES 
(Note: Level-off Degree of Polymerization D.P. is Directly Related 
to Crystalline Length) 121 


Average 
Basic D.P. 
Form of Cellulose Range [a] 
Natural fiber 
Ramie, hemp, 350-300 
Cotton, purified 250-200 
Unbleached sulfite wood pulps 400-250 
Bleached sulfite pulps 280-200 
Bleached sulfate wood pulps 190-140 
Mercerized cellulose (18% a 
NaOH at 20°C., 2 hr.) 90- 70 
Vibratory-milled wood cellulose 100- 80 
Regenerated fibers 
Fortisan, fiber G 60- 40 
Textile yarns 50- 30 
Tire yarns 30- 15 
Cellulose acetates 
Combined HOAC 
62,007 200-300 
54.5% Not measurable 
29.0% 46 
0.5% 35 . 


Crystalline alumina can be regarded as “polymerized” alumina.” By 
analogy with organic systems or the polymerization of the silica system, 
small units of aluminum—oxygen compounds present can be joined to- 
gether to form relatively large molecular aggregates and micelles. In 
such alumina polymers, the ultimate units are joined by chemical bonds 
rather than by weak physical forces. 

One facet of the hypothesis predicting novel functional properties of 
discrete colloidal macromolecular aggregates in the true colloidal 
particle size range (approximately >50 A x >50 A x >1000 A) is that 
particles of such dimensions must be present in a discontinuous matrix 
of a polymeric object to begin with; if such particles are to be syn- 
thesized, then control must be exercised to permit the growth of the 


COLLOIDAL MACROMOLECULAR PHEMOMENA 157 


microcrystals until they fall reasonably within the desired colloidal Size e 
range. In other words, the aggregation of polymer molecules to form 
discrete particles such as those shown schematically in Figure 4C is an 
essential prerequisite for both natural or synthetic polymers if novel 
colloidal macromolecular particles are to be recovered from their re- 
spective matrices in economical yields. We might put this in alternate 





Fics. 4A, B, and C. Schematic molecular chain models. (A) Polymer molecules 
in solution, (B) Pseudomorphology of polymer molecules in elastomers and (C) dis- 
continuous crystalline morphology of polymer chains in fibers or films. 


language and say that it would be highly unlikely that novel colloidal 
particles could be isolated in reasonable yields from an elastomeric 
polymer object lacking definitive crystallinity as schematically repre- 
sented by Figures 4A and 4B. Rather, the formation of or use of fibers or 
films from a polymer of high enough molecular weight are prerequisites 
for the subsequent procurement of the desired discrete colloidal particles. 

Almost all natural cellulose fibers are known to possess a particle 
matrix in which the macromolecules approach the configuration sketched 
in Figure 4C. A typical cellulose fiber, highly purified wood pulp or 
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* fibrous cellulose recovered from spruce or hemlock trees, is an ideal 
example around which to develop this presentation of colloidal macro- 
molecular phenomena. 

If such wood pulp is beaten in water (the key step of all papermaking 
processes with cellulose fibers), very long strands or fibrils of cellulose 





Fic. 5. Microfibrils of beaten wood pulp, 7,500X. 


are formed. Figure 5 is an electron micrograph at 7,500X of such a 
sample of beaten wood pulp. 

Within each long strand or fibril of cellulose shown in Figure 5 lie 
numerous microcrystals interconnected with each other by cellulose 
molecules, cellulose molecules which hinge these microcrystals tightly 
together. Schematically, Figure 6 serves only to illustrate how the same 
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THE BUILDING BLOCKS OF HIGH POLYMERS ie 


aig Oe 





Fia. 6. Schematic illustration of polymer chains forming “hinges” between polymer 
microcrystals. 

molecules of a polymer pass in sequence from one microcrystal (or dis- 
crete colloidal region) through several others. It is this type of “hinge 
morphology” which plays a predominant role in the usefulness of both 
natural and synthetic fibers and films. Without the ‘‘molecular hinges,” 
without discontinuities or holes, cellulose fibers, for example, would be 
very brittle—and no doubt much less useful. A more realistic model, 
stemming from the alignment of the microcrystals in the fiber direction 
shown in Figures 8 and 8A has been proposed in which the cellulose 
chains are folded within each microcrystal [5). 
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Fic. 7. Microcrystals peeling away from a fiber fragment of D.P. cellulose, 25900. 


The microcrystals in cellulose fibrils are, therefore, hinged together by 
very strong forces because the molecules which weave in and out of them 
are connected by 1,4,8, glycosidic linkages, true primary linkages. Me- 
chanical beating of cellulose fibers in water serves to expose more and 
more of the long fibrils shown in Figure 5, but such energy does little or 
nothing to cause an unhinging of the constituent microcrystals or their 
liberation from within their original particle matrix. It is almost im- 
possible to introduce enough energy mechanically to break the millions 
of strong primary chemical] linkages in the cellulose molecules within the 
hinge areas which tie the microcrystals together in a three dimensional 
network. 
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Fic. 8. Cross-section of a fiber-fragment of level-off D.P. cellulose, 50,000X. 
e 


Chemical energy almost always is more efficient—and cheaper—than 
mechanical energy. The exposed 1,4,8, glycosidic bonds in the hinge 
regions of the cellulose microcrystals are broken quite easily by the 
hydronium ion, H;0+, through the process of hydrolysis or the addition 
of water. The hydronium ion easily fits into the hinge regions of the 
cellulose fine structure, but is too large to attack the same linkages con- 
fined within the microcrystals. 

In Figure 7, we see the striking manifestation of the power of chemical 
energy. A fibril of cellulose that has been acid treated (2.50 N HCl at 
105°C + 1°C for 15 minutes) is magnified (25,000). This treatment 
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Cellulose molecules form microcrystals, M together by hydrogen bonding. The individual microcrystals are linked by 
amorphous or disordered areas; one molecule will go through several crystalline areas. Length of the microcrystals and of 
@ the hinges is fairly constant for any particular material, depending on its history. The characteristic microfibrils have 


previously been shown as chains of linked crystals. 
We propose this folded structure, with micro- 
crystals packed side-by-side like matchsticks, joined 
Fiber direction is shown by 


by amorphous hinges. 
the arrows 


Initially, acid attacks cellulose rapidly. 
Mild hydrolysis breaks some of the 
hinges, and recrystallized areas ap- 
pear. Severe acid hydrolysis breaks 
all of the molecular hinges and re- 
duces the fiber to isolated crystallites 
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One further step is required. to produce colloidal 
cellulose. Mechgmic al agitation in a water slurry 
frees a fraction of the unhinged crystals 
present methods about 20% can 


Reaction rate levels off at this stage. 
The microcrystals are fairly equal in 
size, expressed by the “‘level-off degree 
of polymerization,” or “D.P” 
Though unhinged, the microcrystals 
retain their orientation in the fiber 
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be released. 


Since all of the microcrystals are unhinged, the 
fraction can be increased by improvement in mechan- 


| ical techniques only 
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Fic. 8A. Structural model of cellulose microcrystals and formation of microcrystalline 
cellulose gels (5). 


served to unhinge chemically all available primary linkages in the fibrous 
cellulose and reduce the cellulose to its Level-off Degree of Polymeri- 
zation (D.P.) nj a state at which further severe acid treatment no 
longer breaks additional primary bonds at a detectable rate. When 
D.P. cellulose is beaten in water at about 5% solids in a mixer such as a 
Waring Blender or Osterizer, the fascinating phenomenon shown in 
Figure 7 occurs. The now-unhinged, discrete microcrystals of cellulose 
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begin to peel away from their natural positions. mn Figure 7, it is impor- 
tant to note how, in the interior of the fibril, the microcrystals are lined e 
up like well-packed matchsticks because they have not yet been dis- 
lodged from their original matrix. Gels will not form until a sufficient 
number of the microcrystals are dislodged from their natural, tightly- 
packed positions and are free to act individually. 

A particularly unique microphotograph prepared by Frederick F. 
Morehead t1] is shown in Figure 8. Here we see a cross-section (original 
magnification 100,000) of a single cellulose fibril fragment of D.P. 
cellulose. The packing of the unhinged microcrystals laterally is shown 





Fr. 9. Microcrystalline cellulose gel (14% solids). 


clearly, the cross section being transverse to the normal fibril axis. It is 
the peeling away of the individual unhinged microcrystals in sufficient 
numbers and at a high enough total solids content that converts the micro- 
crystalline cellulose into a novel state of colloidal macromolecular 
matter. 

As the unhinged microcrystals (approximately 50 A x 100 A x 3000 
A) are dislodged from the cellulose fibrils and migrate into the sur- 
rounding water in the blender, the impact of colloidal macromolecular 
phenomena becomes vividly apparent. The two phase water-fiber system 
gradually goes to an homogenized milk consistency, then to a heavy 
cream consistency, and finally to a lard-like, smooth, opaque, intensely 
white spreadable gel such as that shown in Figure 9. This 100 per cent 
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aqueous dispersion comprising a small percentage of unhinged micro- 


*crystals of cellulose admixed within much larger clusters of micro- 
crystals having varying degree of aggregation, comprises a novel form 
of cellulose. Despite the fact that it consists only of pure cellulose dis- 
persed in water, the product now has the funetional and physical 
properties of a fat. Microcrystalline cellulose both in dry form and as a 
gel is,now a commercial product of growing importance and is finding an 
increasing number of uses [3—9, 17, 18]. 





Fig. 10. “vory” (&) microcrystalline cellulose—a new structural form of cellulose. 3 


As already noted, a minimum number of individual microcrystals must 
be present in the dispersion to give it stability (s, 7}. Removal,of the 
smallest colloidal particles (the microcrystals) from a stable dispersion 
by a process such as fractionation immediately leads to a complete 
breakdown of the stable dispersion and the re-appearance of a two-phase 
system [20]. 

J. J. Hermans, Jr. has studied the novel rheological properties of 
microcrystalline cellulose gels, and their sensitivity to electrolytes 
(16, 19}. The resistance of these gels to an initial shear stress (i.e., their 
possession of a yield value) is a functional property with valuable com- 
mercial application, particularly for the production of stable suspensions 
of particulate matter [19]. 

Once a sufficient number of microcrystals has been freed to provide 





Fic. 11.°Reaggregation of microcrystals of cellulose into discrete “porous’’ particles. 
“Holes” range from 10-100 A, 25,000. 
LJ 
the colloidal substrate that makes a stable suspension of large micro- 
crystalline aggregates possible, additional novel states of matter are 
formed. 

For example, by drying such stable gels at atmospheric pressure, an 
extremely dense (1.520 vs. a theoretical density of a single microcrystal 
of 1.566) and massive cellulose object is obtained. It is shown in Figure 
10. The same forces as those used in making paper come into play to 
provide this novel structural form of cellulose. The main difference, 
however, is that in making the dense form of “paper” called *Avory" 
shown in Figure 10, millions of previously unavailable hydrogen bonds 
are now able to become engaged because of the new OH-rich surfaces of 
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yes: 


Fic. 12. Topochemically derivatized (low D.S.) microerystals—sodium carboxy- 
methyl cellulose, 25,000. . 


the liberated and now surface-exposed microcrystals (see Figure 7). 
On the other hand, in conventional papermaking, only exposed OH 
groups on the surface of the fibrils of Figure 5 come into play at those 
points where the fibrils cross over to give paper its tensile strength. 
It is obvious from the electron micrographs that the mechanism whereby 
"Avory" comes into being involves several orders of magnitude of 
additional hydroxyl groups than are involved in conventional paper- 
making. 

As each unhinged microcrystal is freed from its natural interlocked 
position, shown clearly in the uniformly packed section of the fiber 
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° 
Fic. 13. Topochemically derivatized microcrystals of cellulose containing hydroxy- 
propyl groups on the surfaces, 25,000 x . 


fragment of D.P. cellulose in Figure 7 (bottom right hand section), 
additional OH groups on the surface of each microcrystal become avail- 
able in very large numbers for subsequent hydrogen bonding. The re- 
sulting effect has been observed in a practical manner. The density of 
“Avory” and its ablative properties to the oxyacetylene torch, increase 
as the number of unhinged microcrystals is increased in the gel prior to 
drying the colloidal aqueous dispersion at room temperature and 
atmospheric pressure. Figure 10 shows two pieces of compacted micro- 
crystalline cellulose with different densities, and the corresponding effect 
of the acetylene torch. The piece on the right consisted of dry micro- 
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Fic. 14. Surface oxidized (chlorous acid) microcrystals of cellulose, 25,000 X . 


crystalline cellulose compacted in a press at 15,000 psi to give a tablet 
with a density of 1.36. The piece on the left is the structural product 
obtained by drying down a 14% microcrystalline cellulose gel and it has 
a density of 1.52. Ablation of the right specimen took place in 30 seconds, 
whereas the left specimen resisted the oxyacetylene torch for 70 seconds. 

Figure 11 illustrates the mechanism whereby dry colloidal particles of 
cellulose containing numerous “holes” varying from 10 À-100 À in 
diameter may be produced. Literally, this is a new porous form of highly 
crystalline cellulose capable of absorbing oils, greases, catalysts, etc. 
When a dilute slurry of a suspension of individual microcrystals and 
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large aggregates of unhinged microcrystals is spray-dried under proper, 
conditions, the free microcrystals reagglomerate, not as nature fashioned 
them in space originally (Figure 7), but in a man-made cluster, not 
unlike the manner in which wooden matchsticks aggregate when piled on 
a table top. 

Still other fascinating opportunities present themselves when chemistry 
is wedded to these novel colloidal macromolecular particles, Fér ex- 
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Fig. 15. Chemical modification of the surface of “microcrystals” of colloidal alumina. 


ample, reaction of the microcrystalline cellulose proceeds with particular 
ease and speed. Derivatives can be formed which are also colloidal. 
These are entirely new materials with very different properties and 


. potential applications. 


At high degrees of substitution (D.S.), derivatives of microcrystalline 
cellulose are substantially the same material as produced from con- 
ventiofial cellulose. At low D.S., where the colloidal nature is main- 
tained with surface substitution, the derivatives form colloidal dis- 
persions. Dispersions of at least 20% solids in water can be produced. 
These may have the appearance of greases, ointments, or lotions, de- 
pending on the materials present. 

Figure 12 shows what happens when sodium carboxymethyl groups 
are carefully added in very small amounts (average D.S. 0.30) onto the 
surfaces of unhinged microcrystals of cellulose. Now, with the surface 
charge altered, less energy is needed to separate the aggregated but un- 
hinged microcrystals more efficiently into discrete and individual micro- 
crystals. As may be seen in Figure 12 (which should be compared with 
Figure 7) the individual microcrystals are slightly smaller in size (due to 
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Fig. 16. Aggregation of ‘microcrystals’? of colloidal alumina.’ 

. 
limited swelling and degradation which occurred as a result of the topo- 
chemical etherification step). More importantly, perhaps, is that now 
there is a predominance of individually separated microcrystals, and a 
great reduction in the size and number of larger agglomerates. The 
result is à colloidal gel with properties substantially different from that 
Shown in Figure 9. The gel obtained from a dispersion of the topo- 
chemically modified cellulose microcrystals shown in Figure 12 is 
iranslucent, possessing & higher viscosity at equivalent concentration, 
and different rheological properties than the gel shown in Figure 9. It 
resembles a soft wax in many respects and is readily spreadable as an 
invisible coating on the skin. 
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Fig. 17. Formation of relatively organized clusters of colloidal alumina. 


Topochemical modification of the surfaces of colloidal macromolecu- 
lar particles, such as microcrystals of cellulose, obviously leads to a host 
of new products, each exhibiting widely different physical, rheological 
and functional properties. Figure 13 is an electron micrograph of topo- 
chemically altered microcrystals of cellulose in which a few hydroxy- 
propyl groups have been added to the surfaces of the cellulose micro- 
crystals. Now the gel properties resemble more closely those of the 
product illustrated in Figure 12 in which carboxymethyl ether groups 
were added. The product illustrated by Figure 13 at about 5 per cent 
solids is a smooth, “‘salve-like petrolatum,” translucent but non-melting, 
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jeadily washable from the skin yet non-greasy. A somewhat different 
appearance of the size and shape of the microcrystals is obtained by 
mild HClO; oxidation of their surfaces. (Figure 14). Once again, the 
visible and the rheological properties of gels made from these particles 
are different from gels made by dispersing the topochemically modified 
microcrystals shown in Figures 12 and 13, respectively. 


Other derivatives that have been prepared include methyl-, ethyl-, 
and hydroxypropyleelluloses. Nitrated D.P. cellulose derivatives have 
potential applications in solid rocket propellants; they can be made into 
a very dense particulate form with particles in the 1- to 3-micron range. 
Properties of all of these materials can be controlled over a wide range by 
varying, (1) the degree of substitution, (2) the heterogeneity of this 
substitution, and (3) the nature of the topochemically substituted group. 

The surfaces of Baymal® colloidal alumina particles may also be 
altered to give rise to a range of novel colloidal macromolecular phenom- 
ena. U.S. Patent 2,944,914 by John Bugosh [14], for example, describes 
various esterification reactions on the surface of alumina monohydrate 
particles. Even organophilic surface-esterified particles having at least 
one dimension in the colloidal macromolecular particle size range are 
described 14}. The physical properties of such topochemical particles 
may be altered over a wide range depending on the chemical nature of 
the add-ons. Of course, the properties of Baymal? colloidal alumina are 
very much dependent on a substantial number of acetate groups on the 
surfaces of the boehmite fibrils 0-15] (See Figure 15.). Once again, 
however, this serves to demonstrate the far-reaching potential of chemi- 
cally altering the surface only of a non-cellulosie colloidal macromolecu- 
lar particle. Furthermore, as may be seen in Figures 16 and 17, there is à 
remarkable parallel between the manner in which ‘‘microcrystals” of . 
colloidal boehmite form aggregates as the concentration in dispersion 
increases and the aggregation of unhinged microcrystals of cellulose. . 





We have described the transformation of two polymeric and crystalline 
materials—one natural, the other synthetic—into discrete colloidal 
macromolecular aggregates, and the alterations in physical properties 
which this state of sub-division gives to the parent materials. The un- 
hinging and recovery of microcrystalline macromolecular aggregates 
with dimensions of approximately 50 A x 50 À x 5000 A from natural 
polymeric materials or synthetic polymeric materials, or their control ed 
“synthesis” from solutions of crystallizable long chain molecules, proffer 
exciting and challenging new frontiers of polymer chemistry. The ex- 
ploration and utilization of the novel and interesting resulting properties 
possessed by “free” polymer microcrystals in the true colloidal range will 
surely occupy an ever-increasing amount of attention on the part of high 
polymer chemists during the next decade or two. 
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administrative assistants to the Committee. 


I. The Problem 


CIENCE has systematically created a powerful and rapidly growing 

body of knowledge. From this basic knowledge have come the 
spectacular feats of modern technology: space vehicles, nuclear ex- 
plosives and power plants, new substances and eleftronie machines, and 
a significant increase in human longevity. This record of growth and 
achievement creates a widespread impression that science is a strong, 
well-established human enterprise. Confidence that science can con- 
tinue to fulfill human needs is & distinctive characteristic of modern 
society. 

But the ultimate source of the strength of science will not be found * 
in its impressive products or in its powerful instruments. It will be 
found in the minds of the scientists, and in the system of discourse which’ 
scientists have developed in order to describe what they know and to 
perfect their understanding of what they have learned. It is these in- 
ternal factors—the methods, procedures, and processes which scientists 
use to discover and to discuss the properties of the natural world— 
which have given science its great success. 

We shall refer to these processes and to the organization of science on 
which they depend as the integrity of science. The term is a useful one, 
for it connotes the importance of a unified internal structure to the suc- 
cess of science, as well as its guiding imperative—the search for objective 
knowledge. On the integrity of science depends our understanding of the 
enormous powers which science has placed at the disposal of society. 
On this understanding and therefore, ultimately, on the integrity of 
science, depend the welfare and safety of mankind. 


174 


THE INTEGRITY OF SCIENCR 175 


The continued strength of science cannot be taken for granted, 
Although science has its own history and tradition, it is not wholly in- 
dependent or self-sustained. Scientists are human beings, and science is 
a part of culture. What is the influence of changing social conditions, 
particularly the growing importance of science to society and the rapid 
approach of scientists to positions of power, on the search for new 
knowledge and on the system of scientific discourse? Can the very 
success of science and its closer interaction with the rest of our culture 
lay it open to the influence of new and possibly alien points of view which 
derive from other sectors of society: military, business, or political? 

This is not a one-sided problem. As the success of science becomes more 
evident, its trappings and its personalities begin to make their appearance 
outside the laboratory: at international conference tables, in legislative 
chambers, in advertising appeals, and in the hue and cry of partisan 
politics. Are these appropriate uses of the methods of science? Can 
political life benefit from the viewpoint of science? Can the integrity of 
science safely withstand the invocation of science in political issues? 

The importance of these questions and the absence of any immediate 
answers to them are the reasons for this report. In it we shall consider 
the effects of certain features of our culture on the integrity of science. 
These are problems which affect science wherever it exists, but in ways 
which vary with local circumstance. We are here concerned with the 
issues that arise in connection with the recent development of science in 
the United States. 


II. Experiments in Space: “Starfish” and “West Ford" 


Symbolic of the immense growth and power of modern science is the 

exploration of space. With the development of powerful rockets for 
` military purposes, it has become possible in the last decade to send 
. vehicles and human passengers beyond the earth’s atmosphere. With the 
concurrent development of highly efficient sensing devices and methods 
of communication, these vehicles have also served as important means 
of gathering scientific information. Elaborate basic research, a vastly 
expensive technology, and strong political and military motivation unite 
in nearly every venture into space. 

One of the earliest discoveries of space research was the existence of 
belts of atomic particles surrounding the earth and trapped by its 
magnetic field in arcs between the north and south poles. Hardly had 
this. “magnetosphere” been noticed and named for its discoverer, Van 
Allen, than experiments, rather than mere observations, were underway 
there [1]. 

On April 30, 1962, the U.S. Government announced its intention to 
conduct nuclear explosions at high altitudes in order to ascertain the 
effects of artificially-injected electrons on the natural belts of the magneto- 
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sphere. The immediate motivation was military interest in the disrup- 
tive effects on radio communication of atomic particles produced by a 
high altitude nuclear explosion. The experiment—‘Starfish’’—was also 
of interest to scientists because its effects might reveal significant data 
about the magnetosphere itself. 

Three high altitude tests had been set off secretly in August 1958 over 
the South Atlantic. When they were made public some six months later, 
scientists in this country and abroad protested vigorously. The announce- 
ment of the new test brought renewed protests from scientists, especially 
radio-astronomers. Some scientists predicted that the experiment would 
cause large-scale persistent changes and hamper further study of the 
still poorly understood Van Allen belts, but others disagreed. Resolu- 
tion of these disagreements was difficult, for secrecy restrictions limited 
the exchange of information among the disputants. 

The U.S. Government then announced that it had called together a 
group of leading scientists to consider whether the proposed tests would 
substantially prejudice astrophysical and geophysical science or create a 
radiation hazard to manned space flights. On May 28, 1962, the U.S. 
Government announced that this committee was convinced that the 
effects of the Starfish experiment would 


“disappear within a few weeks to a few months," and that “. . . There is no need for 
concern regarding any lasting effects on the Van Allen belts and associated phe- 
nomena,” [2] kd 


The Starfish explosion took place on July 9, 1962, when a 1.4 megaton 
hydrogen bomb was detonated 250 miles above Johnson Island in the 
Pacific. Despite early confusion regarding the physical consequences of 
this explosion, it is now clear that it generated a long-lived belt of 
atomic particles in the magnetosphere and that it has obscured the prop- 
erties of the natural radiation belts. According to a review of the experi- ' 
ment by Moellwain, 


“|. it may be necessary to wait more than 30 years before the naturabelectron 
fluxes in the region around 1.5 earth radii can be measured with complete freedom 
from artificial effects." {3} e 


Several satellites, Transit VIB, Traac, and Ariel, were extensively 
damaged by the new radiation belt. Ariel is especially noteworthy as it 
was launched by the United States in order to carry British instruments, 
as a cooperative venture. Telstar, on the other hand, rode out the high 
radiation levels successfully for some time after the test, but radiation 
damage was noted in later reports. [4 

The Starfish experiment is a spectacular demonstration of present 
eapabilities for human intervention into natural phenomena in space. 
It also reveals serious inadequacies in our present ability to predict the 
consequences of such interventions, and in the attendant experimental 
procedures. 
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Science involves not only passive observations of nature, but’ alsa 
experiments which influence natural processes, either to reveal new in- 
formation or to provide a practically useful result. Scientific procedure 
provides for special rules to regulate experiments, designed to elicit from 
them observations of maximum validity. The scientist’s experiments are 
disciplined interventions into nature. They are based on previously 
gained knowledge which is sufficient to estimate the practicality and 
usefulness of the operation. Experiments are designed not simply for the 
effect but to yield measurable results in interpretable form. Usually, this 
requires the establishment of an experimental control, in which the 
particular alteration induced by the experiment is deliberately excluded, 
so that, by direct comparison, one can determine the effect of the factor 
of interest. 

Properly executed, the Starfish experiment would have been preceded 
by a survey of natural bands followed by general scientific discussion of 
the observations. Had this been done, the data derived from particles 
artificially injected by the explosion could have added to scientific knowl- 
edge without precluding information about the natural phenomenon. 
Instead, the Starfish experiment was carried out in the absence of ade- 
quate knowledge of the natural belts. By artificially injecting subatomic 
particles into the unique and worldwide magnetosphere, the experiment 
has limited the infogmation which can be derived from inquiries into this 
aspect of nature. As Dr. Van Allen stated at our Committee’s symposium 
at the AAAS annual meeting in Philadelphia, 

“Our feilure as a nation to produce a substantial study of the scientific conse- 

quences of these tests long before the decision was made that they were to be 

conducted, is, it seems to me, quite inexcusable. With tests such as this, studies 


should have been conducted in such a way that they were subject to publication 


and general scientific discussion." [s] 
. 


. Free dissemination of information and open discussion is an essential 
part of the scientific process. Each separate study of nature yields an 
approximate result and inevitably contains some errors and omissions. 
Science gets at the truth by a continuous process of self-examination 
which remedies omissions and corrects errors. This process requires free 
disclosure of results, general dissemination of findings, interpretations, 
conclusions, and widespread verification and criticism of results and 
conclusions. 

The principle of free dissemination and open discussion has not been 
fully honored in the Starfish experiment. Although an attempt was made 
to forewarn the scientific community of proposed experiments (through 
the IGY-AGIWARN network), insufficient time and secrecy restrictions 
inhibited the normal predictive and analytical processes of science. A 
detailed and unhurried discussion of the possible effects of the high alti- 
tude explosion in the open scientific literature might have revealed— 
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in advance of the experiment—a consensus contrary to the conclusion of 
the government’s ad hoc committee that the effects would be short-lived. 

A second example of recent space research, the “West Ford" project, 
further illuminates the hazards of large-scale experimentation, and 
shows how they can be minimized by adherence to the proper procedures 
of science. [6] 

In the summer of 1958, the U.S. Army Signal Corps convened a group 
of scientists to study, among other things, means of establishing an in- 
vulnerable worldwide military communications system. It was suggested 
that such a system could be established by encircling the earth with 
orbiting belts of fine copper wires. These would form radio mirrors for 
multi-channel microwave signalling, linking any two stations on earth if 
the heights of the belts were sufficiently great. The belts would be in- 
vulnerable to attack, since they would only reflect ground-controlled 
radio waves, and, unlike communications satellites, such as Telstar and 
Echo, would be physically indestructible. 

The proponents of “West Ford" developed a technique for testing their 
idea experimentally on a small scale. By placing relatively few copper 
wires in a predetermined orbit, they could establish a temporary belt, 
which although not operational in a practical system of communications, 
could establish the feasibility of the full-scale scheme. Calculations 
showed that pressure from sunlight would gradually, drive the proposed 
experimental belt down into the atmosphere and destroy it within a time 
dependent on location of the orbit. 

The Department of Defense approved investigation of this approach 
and research on the project began at the Lincoln Laboratory. Because of 
its military importance, the project was “born classified.” However, 
knowledge that some test of these ideas was planned soon became cur- 
rent among astronomers throughout the world. Many became concerned 
about the possibility that the bands would interfere with optical and radio 
observations. To be detected, a celestial object must yield a signat which 
stands out against the random optical or radio signals from the nearby 
regions of the sky. Contamination of the sky with metallic dipoles, if 
sufficiently dense to produce a signal which is discernible against the 
natural background, will hamper observations of faint celestial objects. 

With the details of the proposed experiment under secrecy restric- 
tions, actual knowledge about U.S. intentions and the possible effects 
of the experiment were scanty. As Dr. Edward Purcell of Harvard 
University reported later, regarding the decision to undertake the ex- 
periment, 


“In those days the project, directed as it was toward military communications, 
was secret. But the scientists in the project and the responsible officers in the 
government saw that the decision involved questions that could not be rightly dis- 
posed of by arithmetic in a classified report. To broaden the basis for a responsible 
decision, the Space Science Board of the National Academy was asked to assemble 
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a group of scientists to analyse the planned test... . Meanwhile the word was 
beginning to get around. Fragmentary knowledge and rumours naturally left * 
many scientists apprehensive and suspicious. It was decided to meet the problem 
quite openly. The Defense Department and the Lincoln Laboratory, with the 
support of the President’s Science Advisory Committee, effected a rapid declassi- 
fication of all essential matters. . . ." [71 


After several meetings, including at least two that were restricted in 
size because of security requirements (81, the ad hoc committee assembled 
by the Space Science Board concluded that, while present astronomical 
experiments would not be seriously hampered, a permanent belt—even 
of small size—might become a hazard in later years, as greater sensi- 
tivity is achieved in radio and optical instruments. The committee 
recommended that the dipoles be established in a temporary orbit, that 
a non-military spacecraft be used to launch the equipment, and that a 
ground-controlled fail-safe device be installed to prevent dispersal of 
the copper dipoles if the rocket happened to achieve an undesirable orbit. 
These conditions were not fulfilled in the government plans for the first 
West Ford attempt (in May 1961). The committee advised that the 
proposed launch be called off, and it was. [9] 

Neither the ad hoc committee studies nor the resultant consideration 
by the Space Science Board have as yet been published. However, 
for the reason given by Purcell (see above) in September 1960, a large 
part, but not all, of the technical information about the project was 
declassified and presented to a meeting of the International Scientific 
Radio Union by Walter Morrow of the Lincoln Laboratory. Later, 
several detailed considerations of the problem were prepared for publica- 
tion in the Astronomical Journal by members of the Space Science 
Board's subcommittee and by members of the Lincoln Laboratory. [10] 

An examination of these open discussions reveals the following in- 
` formation of interest: (i) All discussants agreed that the brightness of 
.the experimental band proposed by Morrow would not interfere with 

astronomical observations from the earth. (it) Certain parameters in 
the Morrow calculation (e.g., rate of needle dispersion) remained classi- 
fied, although these data are essential to a calculation of the life-time of 
the belt. i11 (2) The experimental belt could interfere with astronom- 
ical observations from satellites which might otherwise make novel 
studies of very faint celestial objects; this might be obviated by partic- 
ular locations of the dipole orbit. {12} (2v) A dipole band sufficiently 
dense to support an operational communication system would seriously 
interfere with optical and radio observations. [13] 

In August 1961, the Space Science Board announced to the scientific 
community that it had received government assurance that no additional 
launches of orbiting dipoles would take place until results of the first 
experiment had been analyzed and evaluated. The Space Science Board 
asked that full scientific and operational information about the project 
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ebe published as soon as possible. However, at the same time, the Inter- 
national Astronomical Union adopted two resolutions, one against the 
precedent of contaminating space, and the second, while thanking the 
U.S. Government for announcing the planned experiment, said that the 
IAU 


**. . . js completely opposed to the experiments until the question of permanence is 
cleafly settled in published scientific papers with adequate time being allowed for 
their study." [14] 

On October 6, 1961, an article in Science by Shapiro and Jones of 
the Lineoln Laboratory for the first time made publie the altitude and 
inelination of the proposed orbiting dipole beli. Caleulations for esti- 
mating belt lifetime in various orbits were described, leading to an 
estimate of seven years for the proposed orbit. 

On October 21, 1961, the experiment was carried out. A military 
rocket was used. ''Fail-safe" procedures were not provided. The 
dipole dispenser arrived not in the proposed seven year orbit, but in & 
different one, for which the calculated lifetime was "indeterminably 
longer than the seven years estimated ...." 15) However, the dipole 
dispenser failed to work properly and the belt of dipoles was not formed. 
The hazard of a long-lived belt, which might have interfered with future 
astronomical observations was avoided only because of an instrument 
failure. 

A second attempt, on May 10, 1963, succeeded. A belt was estab- 
lished in a short-lived orbit and subsequent observations suggest that 
it is disappearing at the predicted rate. The instrument included a 
“fail-safe” device. Data obtained from this experiment provide a 
basis for firmer conclusions regarding the possible effects of large-scale 
operational belts on astronomical research. (161 

The events associated with the West Ford experiment show that ad- ` 
herence to the principles of disciplined experimentation and open com- , 
munication between those responsible for the project and the scientific 
community generally succeeded in preventing possible hazards to further 
astronomical research. However, a number of serious difficultieS’ were 
encountered in achieving the final laudable outcome of the project. 

Because of secrecy, astronomers were at first unable to develop a 
critical analysis of the proposed experiment. Some data essential to 
the calculation of the belt’s lifetime (1.e., mechanism of needle dispersion, 
altitude and declination of the proposed band) became available to 
astronomers only 15 days before the first experiment was actually 
carried out, a period much too short to permit any necessary corrective 
effects of open scientific scrutiny to operate. 

The Space Science Board committee succeeded in preventing a pro- 
posed launch which did not conform to its recommendations in the 
summer of 1961. However, when the experiment was actually carried 
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out in October 1961, not all of the committee’s recommendations ‘were 
followed. The package of dipoles was launched into a long-lived orbit. 
If the unexpected failure of the package to disperse the dipoles had not 
occurred, this experiment might have realized the fears expressed by 
astronomers regarding its hazards to future astronomical research. 

Experience with both “Starfish” and “West Ford” shows that the 
scientific procedures which must govern experimental investigations, 
if they are to further the accumulation of knowledge, can be broken 
down. Under pressure for results of military importance, the principles 
of disciplined investigation, and of respect for necessary experimental 
controls may be to a degree neglected if, because of attendant secrecy, 
the experiments are not open to the full scrutiny of the scientific com- 
munity. In these experiments a predictive failure may be irreparable, 
for the experiments are not confined to a single laboratory, but intervene 
in phenomena which are unique on the planet. 


III. Exploration of the Moon: Project “Apollo” 


A considerable part of the U.S. space program is devoted to a partic- 
ular mission, Apollo, which is designed to land one or more men on the 
moon and return them to earth. nz The Apollo project is a tech- 
nological enterprise in that it requires the application of basic scientific 
knowledge to the solution of a given problem—the accomplishment of a 
manned landing on the moon. However, since the project is to be 
achieved in an environment which is new to science, it requires the ac- 
quisition of certain basic knowledge about the moon and interplanetary 
space: for example, the gross physical character of the moon’s surface, 
chemical properties and radioactivity of surface materials, intermittent 

changes in cosmic ray intensity in interplanetary space. 

' The chief independent body which has advised the govexnment on 
. the scientific aspects of space research is the Space Science Board (SSB) 
established by the National Academy of Sciences in 1958. In the 
scientific considerations developed by the specialists serving on com- 
mitteés reporting to the Space Science Board, the scientific values to be 
derived ‘from the manned exploration of the moon have been given rela- 
tively little importance, as compared with a number of other investiga- 
tions of the moon which do not involve a manned landing. 

For example, a discussion of lunar research by H. C. Urey (published 
in 1961 in Science in Space, edited by Lloyd V. Berkner and H. Odishaw), 
of SSB 118], which summarizes SSB considerations during 1958-1961, 
proposes the following order of priorities: (i) a satellite of the moon; 
(ii) a hard landing lunar probe; (ii) a soft landing lunar probe; (iv) 
the return of samples; and (v) manned landing. In an earlier SSB 
committee report, manned exploration of the moon was one of nine 
projects, in a total of twenty-one, assigned to the lowest of three priority 


-- 
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gategories. 

In February 1961, the SSB discussed national goals in space research, 
and in a statement transmitted to the government in March 1961 119), 
stated: 


“As a, result of these deliberations, the Board concluded that scientific exploration 
of the moon and planets should be clearly stated as the ultimate objective of the 
U.S. Space program for the foreseeable future.” 


In this statement the SSB did not discuss the timetable for carrying 
out manned exploration of the moon in specific terms, but commented: 
“The Board concluded that it is not now possible to decide whether man will be 
able to accompany early expeditions to the moon and planets. Many inter- 
mediate problems remain to be solved. However, the Board strongly emphasized 


that planning . . . must at once be developed on the premise that man will be 
included . . . 


*. , . Planning for manned scientific exploration of the moon and the planets 
should be consummated only as fast as possible consistent with the development of 
all relevant information. The program should not be undertaken on a crash basis 
which fails to give reasonable attention to assurance of success or tries to by-pass 
the orderly study of all relevant problems." 


A timetable for manned lunar exploration was established for the 
first time by the decision of President Kennedy, announced on May 25, 
1961, which concluded that 


**, .. this Nation should commit itself to achieving the gogl, before this decade is 

out, of landing a man on the moon and returning him safely to earth.” [20] 

The controlling reasons given for this decision by President Kennedy 
(ibid.) and by his scientific advisor, Dr. Jerome B. Wiesner, were not 
scientific, but social and political. Thus, in response to a question 
regarding his agreement with President Kennedy’s decision to establish 
the project as a national goal, Dr. Wiesner stated: 

“Yes. Buf many of my colleagues in the scientific community judge it purely on 

its scientific merit. I think if I were being asked whether this much money should 

be spent for purely scientific reasons, I would say emphatically ‘no.’ I thjnk they 
fail to recognize the deep military implications, the very important political 
significance of what we are doing and the other important factors that influenced 

the President when he made his decision." [21] 

The decision to accomplish a manned landing on the moon ‘by 1970 
established new priorities in space research which are clearly reflected 
in subsequent considerations by scientists of investigation of the moon. 
In these later considerations, the importance of each proposed scientific 
investigation is usually evaluated in the light of the intention established 
by President Kennedy’s decision. This can be seen in the report of the 
Summer Study Session at the State University of Iowa conducted under 
the auspices of the Space Science Board: 

“This report deals with the immediate future up to and in part including Apollo. 


Inasmuch as landing a man on the moon is an announced national goal, much 
emphasis is placed on those scientific experiments and observations which are 
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vitally necessary to accomplish this mission or which might contribute to its ə 
success. Our specific recommendations are strongly influenced by this considera- 
tion." [22] 

In general, scientific observations required for the planning of the 
manned landing are now assigned higher priorities than other studies 
which are of greater scientific interest but not essential to the develop- 
ment of the technology needed for the Apollo project. Therefore, the 
pattern for development of scientific research in space has been altered 
significantly by the essentially political decision to undertake the 
Apollo program. 

This procedure is seriously at variance with important precepts of 
scientific experimentation and technology. The preferable order of 
events is: basic scientific investigation, technological application based 
on the resultant basic knowledge, social use of the technological in- 
novations. In the Apollo program this sequence has been reversed, 
so that a program for a particular technological achievement has been 
committed, even as to the date of its accomplishment, in advance of the 
orderly acquisition of the related basic knowledge. 1231 The Apollo 
program, in its present form, does not appear to be based on the orderly, 
systematic extension of basic scientific investigation. 

The Apollo program is extremely costly in funds and in required 
personnel. The total projected budget for space research, a large part 
of which is devoted to the Apollo project, represents a considerable 
part of the nation’s entire expenditures for research. In 1964, out of a 
total federal expenditure of $1800 million for basic research, NASA 
accounted for $700 million, and the National Science Foundation about 
$300 million. Thus, more support for the nation’s total program in 
basic research comes from a mission-oriented agency—N ASA—than from 


“NSF which is the agency established by Congress for the purpose of 
.deyeloping a science-oriented national program in basic research. At 


the same time, NASA accounts for the Federal Government’s largest 
expenditures in applied research. Since, at the present time, the Apollo 
program represents the bulk of NASA activities, these estimates apply 
with only a minor reduction to the Apollo program itself. 

The demand of the space program for scientific personnel, which is in 
large part due to the Apollo program, has been the subject of some con- 
fusion. 

In 1962, Dr. Hugh L. Dryden, Deputy Director of NASA, stated: 

“Tt has been estimated that by 1970 as many as one-fourth of the Nation’s trained 

scientific and engineering manpower will be engaged in space activities, although I 

cannot confirm the accuracy of this estimate." [24] 

NASA testimony before the Senate Committee on Aeronautical and 
Space Sciences in November 1963 reduced this estimate to 5.9% of 
the total supply of scientists and engineers in 1970. [25] Nevertheless, 
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*a questionnaire sent to 2000 randomly selected members of the AAAS 
in July 1964 showed that the percentage of those answering who receive 
direct or indirect federal support in connection with space activities 
had already reached the level of 12%. (261 

A recent analysis of scientific manpower utilization by a committee 
of the National Academy of Sciences reported that 

“the NASA program will accentuate the shortage of personnel with specialties 

such as systems technology, stability and control, guidance systems, and internal 

flow dynamics. Furthermore, there will be a pronounced effect on the market for 
less experienced mechanical, electrical, and aeronautical engineers, and for physi- 

cists and mathematicians.” {27} 

Thus, the NASA basic research program erects, in parallel with the 
NSF program, a new national system of scientific support, which, in 
contrast to that of NSF, is mission-oriented rather than science-oriented. 
Its major program, Apollo, which is justified by a social rather than 
scientific purpose, will significantly influence the direction of basic 
scientific research in the United States. 

We are aware that there is a considerable precedent for such con- 
straints in wartime research. An example is the World War II atomic 
bomb project, which represented one aspect of a far-reaching social 
decision to turn much of our nation’s material and intellectual strength 
to the single task of winning World War II. However, in the present 
instance, there is no evidence that there has been an opportunity for 
our society to make a conscious choice to sacrifice the advantages of 
free development of basic scientific research, even temporarily, for the pur- 
pose of winning a purported race to the moon. 

In this connection the following statement made by a NASA official 
in an address to the Annual Meeting of the AAAS in December 1962 
is worth noting: ` 

“At this stage, the scientific community has the opportunity to assist in determin-. 
ing what man will do out in space, and in particular what he will do when he gets 
to the moon. If the scientific community does not give this matter its thought 
and attention and proffer its suggestions and advice, its ideas will be misged. But 
this will not bring things to a halt. Someone else will make the scientific deci- 
sions." [28] ` 

If the scientific community is subjected to pressure or blandishments 
designed to solicit research activity which conforms to the purpose of 
the space research program, the free pursuit of knowledge will suffer. 

Finally, we find reason for concern in the confusion regarding the 
social and scientific justification of the Apollo project. In the scientific 
considerations of the Apollo program, we have found several instances 
in which scientific advisory groups assert, in their reports, that the 
Apollo program is justified by such nonscientifie motivations as “man’s 
innate drive to explore unknown regions,” or the pursuit of “national 
prestige." We believe that such appeals, made by scientists who are acting 
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in their professional capacities, or which are closely attached to profes-, 
sional scientific judgments, are inherently dangerous both to the demo- 
cratic process and to science. If a scientist, as an individual citizen, wishes 
to promulgate a particular political course, he is of course free to do 
so. However, in our view, when such advocacy is associated with his 
organized professional scientific activity, the political or social intent 
acquires à wholly unwarranted cloak of scientific objectivity. This 
tends to obscure the fact that the political issue, despite its association 
with science, is, like all matters of public policy, open to debate. Such 
action on the part of scientists is likely to inhibit the free public discus- 
sion of the issue, and delay the development of an independent judg- 
ment by citizens generally. 


IV. Large-Scale Technology and the Environment 


In the last 25 years there has been a dramatic improvement in the 
capability of chemical technology to produce commercially important 
quantities of a large number of useful new synthetic compounds: plastics, 
pesticides, herbicides, food additives, medical drugs, detergents and a 
great many products for specialized industrial applications. This 
development reflects basic scientific advances in organic chemistry and 
chemical engineering. It is the basis of new, heavily capitalized in- 
dustries that have yielded important economic and social benefits. 

These advances have resulted in the dispersal into the biosphere of 
numerous synthetic organic compounds, some in the amounts of millions 
of pounds annually. Some of these substances are not immediately 
degraded on entry into the biosphere. As a result, living things, in- 
cluding man, have absorbed varying amounts of newly synthesized 

substances, with which they have had no previous contact. 
“A number of problems have arisen recently which are characterized 
. by, the appearance of undesirable side-effects incidental to the applica- 
tion of some of the new products. Examples are: killing of animals and 
fish by insecticides, increasingly troublesome pollution of water supplies 
by agficultural chemicals and by industrial wastes, accumulation of 
synthetit detergents in water supplies. Two informative examples of 
these problems are experiences with synthetic detergents and insecticides. 
Within a few years after the large-scale introduction of new synthetic 
detergents in the early 1940’s, untoward effects, especially foaming, were 
noted in water supplies in various parts of the country. It was then 
discovered that the new detergents, unlike soap, were not degraded by 
the biological processes in sewage disposal plants. As a result, in certain 
areas, detergents began to appear in streams and rivers, and in potable 
water supplies derived from these sources. Questions—as yet unanswered 
—arose concerning the possibly hazardous effects of ingestion of deter- 
gents by human beings. 
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e twas then discovered that the resistance of detergents to degradation 

in sewage disposal processes was due to a particular chemical attribute 
—hbranched structure of the detergent molecule. Bacterial enzymes that 
degrade hydrocarbons are incapable of acting on branched molecules 
(in contrast, common soap is a straight-chain molecule and is degrad- 
able). The chemical industry is now making an intensive effort to 
develop economical, degradable, synthetic detergents. Legislation 
preventing sale of non-degradable detergents has been introduced into 
Congress, and the industry has announced plans to replace the non- 
degradable types. 

The problems arising from the large-scale dissemination of pesticides, 
particularly insecticides, during the last 20 years are exceedingly complex 
and diverse. They have been the subject of intense discussion recently 
and have been considered in a report of the President’s Science Advisory 
Committee. [29] We shall discuss briefly a relatively limited instance 
of the general problem—difficulties associated with the presence of in- 
secticides in the waters of the Mississippi River. 

In 1957, the first extensive spraying with the then relatively new pesti- 
cide endrin, a chlorinated hydrocarbon, began in the Mississippi Valley. 
It has since been used extensively by sugar cane and cotton farmers to 
control insects attacking these crops. 

Between 1954 and 1958, investigators reported several instances in 
which dieldrin (an insecticide closely related to endrin, and which is 
produced metabolically from the latter) was found to cause killing of 
fish following application of the insecticide to nearby land. (so) In 
March 1964, the U.S. Public Health Service and officials of the State of 
Louisiana announced that “water pollution involving toxic synthetic 
organic materials appear to be the cause” of fish-kills in the Mississippi 
River. (31) The fish, the river waters, and the river mud were found ` 
to contain endrin and dieldrin, and several unidentified organic com- , 
pounds. . 

The Mississippi River fish-kills have had significant economic effects. 
A long-established fishing industry in the bayou country of Louisiana 
has been reported to be seriously hampered by the problem.’ [32] In- 
vestigations are under way to determine if levels harmful to humans have 
occurred, but little detailed information about chronic toxic effects in 
humans is available as yet. Fish containing measurable amounts of 
insecticide have reportedly reached the market in some Louisiana towns, 
and health officials have expressed concern about possible hazards from 
drinking water of Louisiana cities which is taken from contaminated 
rivers. [32] 

The sources of the insecticides found in Mississippi River fish are 
not firmly established at this time. Possible sources are runoff from 
farmlands routinely treated with insecticides and industrial wastes from 


THE INTEGRITY OF SCIENCE 187 
insecticide manufacturing plants. "c 

Both of the instances cited represent a defect in the method of in- 
troduction of technological processes based on large-scale synthesis of 
new types of organic substances. In both cases, the substance intro- 
duced was demonstrably effective for its intended purpose—as a washing 
agent or as a pesticide. In each case, the hazard resulted from the 
substance's unanticipated secondary effects in the biosphere. : 

The effects of introducing these substances into the biosphere were 
not adequately studied, along with their other properties, when 
they were under laboratory development. For the case of detergents, 
this conclusion has been stated explicitly by Mr. C. G. Bueltman, of the 
Soap and Detergent Association, before this Committee's symposium 
on December 30, 1962. 

“The development of synthetic detergents was aimed primarily at improvement of 

functional properties associated with the raison d'etre of the product—i.e., to wash 

efficiently in a broad variety of water supplies; to possess good shelf life; to be 


pleasing in appearance, odor, feel; to suds freely and to sell at a price acceptable 
to the consumer . . . 


“Itis admitted that total consequences and more particularly, susceptibility of 
biological decomposition, were not anticipated. In fact, so far as bio-degradability 
goes, hindsight shows that this was universally overlooked as a factor requiring 
consideration." [3] 

That similar limitations were operative in the case of chlorinated 
hydrocarbon insecticides is evident from & review which stated in 
1959, when these substances were already in wide agricultural use, 

"Except for DDT, little is known about the effects on fish and fish-food organisms 

of chlorinated hydrocarbon insecticides that have been used for a number of 

years." [a4] 

The introduction of synthetic detergents and insecticides into the 
biosphere represents a serious human intervention into natural processes. 
. The evidence cited shows that this intervention was not based on an 
orderlys disciplined development of all the requisite basic scientific 
information. The full biological significance of the large-scale introduc- 
tion of synthetic detergents and insecticides could have been discovered 
much sooner if there had been planned systematic studies of their effects 
on the water supply in small-scale field trials. 

In the absence of such studies there was a large economic commitment 
to the production of these contaminants before their crucial faults were 
discovered. There has been inadequate contact between the scientific 
considerations operative in the development of these substances—their 
chemical structure and synthesis, and their efficiency as detergents or 
insecticides—and the equally well-known biological phenomena into 
which they are to intervene. In the development of these new products 
there has been a serious gap between the relevant branches of science. 

Experience with nuclear testing provides a further insight into these 
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eproDlems. Since 1948, nuclear explosions carried out for purely 
experimental purposes (i.e., for the technological improvement of 
weapons) by China, France, Great Britain, the United States and the 
U.S.S.R. have disseminated millions of curies of radioactive materials 
over the planet as fallout. 

Considerable amounts of these materials have been absorbed by plants, 
animals, and man. Because radiation causes important damage to 
biological processes, this burden of radioactivity—added to radiation 
from natural sources and from medical procedures—increases the total 
risk of harm to man. The problem of estimating this medical risk has 
resulted in considerable confusion and controversy. 

'The iodine-131 problem provides a useful example of the biological 
aspects of this complex and still-confused subject. This radioisotope 
is produced by all nuclear explosions. Beginning in 1957, fallout- 
monitoring procedures in the U.S., especially those carried out by the 
Public Health Service, included measurements of iodine-131 in milk, 
which is à major source of human exposure to this isotope. The results 
show that, in a number of regions of the U.S., iodine-131 in milk reached 
levels in the range of 100-1000 pc/liter* during periods of active atmos- 
pheric testing. Although the precise medical significance of these 
levels is still a matter of debate, there is a common agreement that this 
degree of contamination results in a radiation dosg to the target organ 
(the thyroid) considerably in excess of the biological dose from any 
other fallout isotope. Hence, iodine-131 is now recognized as the most 
severe radioactive hazard from fallout, at least during a time when testing 
is under way. 

To what extent was the predominance of iodine-131 among the pos- 
sibly hazardous consequences of nuclear testing known to the planners . 
of the nuclear test program? The most comprehensive assemblage of data 
regarding nuclear explosions is “The Effects of Nuclear Weapons,” pub- . 
lished jointly by the Atomic Energy Commission and the Department of 
Defense in 1957, and in revised form in 1962. Both editions of this hand- 
book discuss the possible biological hazards from fallout and describe the 
behavior of isotopes of chief interest in this connection. The 1957 hand- 
book diseusses strontium-90, and cesium-137; the 1962 edition dis- 
cusses these radioisotopes and carbon-14 as well. Neither edition men- 
tions the possibility that iodine-131 might contribute to the biological 
hazards from nuclear tests. There appears to have been no published 
notice of the iodine-131 problem until 1957, when the issue was raised in 
testimony before the Joint Congressional Committee on Atomic Energy. 
Although a considerable number of fallout-producing nuclear tests had 
already been carried out by 1957, the agencies responsible for them were 


* Picocurie (pc) = 10-? curie. 
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apparently unaware that iodine-131 constituted the most severe immedi- à 
ate hazard. 

1t would appear that nuclear tests, like other recent interventions into 
the biosphere, were undertaken without an adequate understanding of 
their possible biological hazards. As massive experimental effects on the 
biosphere, nuclear explosions therefore represent operations which have 
not been carried out in keeping with disciplined scientific procedures. 

Àn important cause for this technological failure is that discussion of 
the fallout problem by the general scientific community was hampered by 
secrecy. Until 1954, nearly all data about fallout were unavailable to the 
scientifie community because of security restrictions. Following the de- 
classification of these data, when the general scientifie community had an 
opportunity to consider the problem, a number of important changes in 
the understanding of the fallout problem took place through contribu- 
tions made by the general scientific community. (35) The corrective effects 
that followed partial declassification testify to the importance of an in- 
dependent community of scientists to the effectiveness of science as a 
source of knowledge. 

The problem of evaluating environmental hazards, which is particu- 
larly exemplified by experience with fallout, reveals another issue for the 
integrity of science. By 1958-59, sufficient evidence had accumulated to 
convince most scientists that there is a linear relationship between radia- 
tion dose and biologital damage. This viewpoint has been adopted by the 
Federal Radiation Council, which has the responsibility of establishing 
standards for radiation exposure in the U.S. [a6] 

If, as required by the linear theory of radiation damage, any increase in 
radiation exposure is accompanied by some added risk of damage, in 
determining the acceptability of the risk the hazard must be balanced 


- against the benefit expected from the relevant operation. Such a balance 
, between risk and benefit is a value judgment. Determination of a standard 


for radiation exposure which is based on such a judgment is no longer a 
scientific conclusion but a social one. This relationship is explicitly stated 
in FRE policy: 


“Tn establishing radiation protection standards, the balancing of risk and benefit 
is a decision involving medical, social, economic, political, and other factors.” [a7] 


The subsequent history of the standards established by the FRC has 
been marked by chaos and controversy. This is illustrated by some recent 
events associated with exposures from iodine-131 due to fallout. During 
the summer of 1962, atmospheric tests by the U.S.S.R. and the U.S. 
caused iodine-131 levels in several areas of the U.S. to approach Range 
III (which, according to FRC guidelines, requires control measures), and 
local health authorities in Utah, Wisconsin, and Minnesota took appro- 
priate action. However, on August 17, 1962, the Secretary of Health, 
Education and Welfare (also Chairman of the FRC) stated that control 
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e measures were not called for because the guidelines had been developed 
for "normal peacetime conditions" and were not applicable to fallout 
from nuclear tests. This view holds that the benefits to the nation from 
nuclear testing have not entered into the balance which led to the estab- 
lishment of the radiation standards and that, when these benefits are 
taken into account, higher levels of radiation exposure and correspond- 
ingly’ greater risks are warranted. The FRC has recently announced new 
and higher standards applicable to fallout which also take into account 
the possible risks involved in the protective actions. Thus the guidelines 
have been revised, but without any indication as to the weight given to 
the benefits of nuclear testing. 

These reinterpretations of the iodine-131 standards have led to con- 
fusion and doubt regarding the inherent validity of the standards pro- 
mulgated by the FRC. A challenge to a scientific body can ordinarily be 
met by analysis and discussion of its scientific findings by the scientific 
community. This process finally resolves the disagreement or leads to an 
equally acceptable statement of uncertainty. However, in the case of the 
revision of radiation exposure standards this procedure is not possible— 
for the question under discussion is not an evaluation of the risk from 
radiation (which is a scientific matter subject to scientific validation), 
but is rather the wholly non-scientific question of how the benefits of 
nuclear testing should be balanced against the increased medical risk 
from fallout. Such a challenge therefore cannot be resolved by the pro- 
cedures of scientific discourse. Since the FRC is presumably a scientific 
body, an unresolved challenge to the validity of its conclusions will tend 
to be regarded—-especially by the public—as a reflection on the ability of 
science to elucidate the problem. 

Similar difficulties have occurred with disturbing frequency in the re- 
cent controversies regarding the effects of fallout, of nuclear war, and of ` 
environmental contamination in general. In a number of instances, in-, 
dividual scientists, independent scientific committees, and ecientific 
advisory groups to the government have stated that a particular hazard 
is "negligible," or “acceptable” or “unacceptable’—without méking it 
clear that the conclusion is not a scientific conclusion, but a sotial judg- 
ment. Nevertheless, it is natural that the public should assume that such 
pronouncements are scientific conclusions. Since such conclusions, put 
forward by individual scientists, or by groups of scientists, are often 
contradictory, a question which commonly arises among the public is, 
“Flow do we know which scientists are telling the truth?" Regardless of 
its origin, such a doubt erodes the confidence of the public in the capabil- 
ity of the scientific community to develop objective knowledge about 
scientific issues of crucial importance to public policy. To arrogate to 
science that which belongs to the judgment of society or to the conscience 
of the individual inevitably weakens the integrity of science. 
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V. The Integrity of Modern Science 


The foregoing examples testify to the striking success of modern 
science. They show that science has developed powers of unprecedented 
intensity and worldwide scale. The entire planet can now serve as a 
scientific laboratory. 

At the same time, new large-scale experiments and technological de- 
velopments of modern science frequently lead to unanticipated effects. 
'T he lifetime of the artificial belts of radiation established by the Starfish 
nuelear explosion was seriously underestimated in the calculations which 
preceded the experiment. Synthetie detergents were committed to full- 
scale economie exploitation before it was discovered that an important 
fault—resistance to bacterial degradation in sewage systems-—would 
eventually require that they be withdrawn from the market. The hazards 
of pesticides to animal life were not fully known until pesticides were 
massively disseminated in the biosphere; the medical risk to man has 
hardly been evaluated. Nuclear tests responsible for the massive distribu- 
tion of radioactive debris were conducted for about 10 years before the 
biological effects of its most hazardous component were recognized. 

It is a major responsibility of science to provide society with a proper 
guide to its interaction with nature. Apparently, in modern circum- 
stances, science has not adequately met this responsibility, and it be- 
comes important to inquire into the possible reasons for this defect. 

There is a common tendency, in the execution of large-scale experi- 
mentation and technological operations, to neglect the principles of dis- 
ciplined experimentation, of consideration for experimental controls, 
and of open disclosure and discussion of results. These erosions in the 
integrity of science reflect important changes in the relationships be- 
_ tween the acquisition of new scientific knowledge and its use for the 
satisfaction of social needs. What are these changes and how do they 
. account for the disturbing tendency to use the enormous power of mod- 
ern sciefice in the absence of adequate knowledge? 

In the last 20-30 years an important change has taken place in the 
relationship between basic science and its technological application to 
social needs. During the period of intensive industrialization in the 19th 
century, basic scientific investigation was a major source of the required 
fundamental knowledge, especially of mechanics, electricity, and chem- 
istry. In this period, basic scientific investigation pursued a course largely 
separate from current industrial needs, and practical applications de- 
veloped only as a by-product of basic research or through chance discov- 
ery and invention. The development of electric power is a useful example: 
about 35 years elapsed between Faraday’s basic scientific discovery of 
electromagnetic induction (1831) and the development of the first com- 
mercial electric generators (1866-67). Power systems developed gradu- 
ally thereafter, as their usefulness became increasingly evident. The 
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„frst commercial power plant became operative in 1882, in New York 
City. Such delays permitted the development of a broad base of scientific 
knowledge in advance of its large-scale application. For this reason, and 
because the effects under scientific control in that period were, in any 
case, limited in intensity and scope, technological application of scientific 
advance was gradual and relatively disciplined. There are, of course, im- 
portant exceptions to this generalization: the discovery of radium and 
X-rays led to certain abuses; the consequences of new industries for public 
health were often poorly understood; steam-boilers exploded, railroad 
bridges collapsed, and steamers foundered in the seas. But these defects 
were limited in effect and duration. 

The present situation is very different. Now, the origin of technology 
in basic science is clearly understood and consciously exploited. Major 
socially useful applieations are no longer based on the fortuitous appear- 
ance of the relevant scientific knowledge. Instead, a social decision to 
accomplish a particular technological aim is often made in advance of the 
necessary scientific knowledge, and the latter is sought for with the express 
purpose of achieving the desired technology and satisfying a stated social 
need. The decision to land a man on the moon was hardly a fortuitous 
outcome of the search for knowledge. It was, rather, a decision, largely on 
political grounds, consciously to develop the basic and applied science 
necessary to achieve this particular technological accomplishment. 

Under these conditions, the laboratory of basic sclence inevitably loses 
much of its isolation from cultural effects, and becomes subject to strong 
social demands for particular results. This new relationship has, of course, 
greatly reduced the delays which previously intervened between discov- 
ery and application. However, the new relationship has also had a less 
fortunate effect—it has resulted in technological application before the 
related basic scientific knowledge was sufficiently developed to provide an ` 
adequate understanding of the effects of the new technology on nature. — 

Experience with nuclear testing provides an illuminating insight into 
this relationship. Nuclear weapons have been developed as a result of a 
strong social demand for a particular physical effect: an extremely fower- 
ful explosion. But a nuclear explosion is not only a physical ‘process; 
it is also a vast ecological experiment. Since the ecological aspects of nu- 
clear explosions had no apparent immediate relationship to the socially- 
determined goal of the program, the development of basic knowledge 
regarding the physics of nuclear explosions greatly outstripped what was 
learned about their complex biological consequences. As a result, the 
knowledge required for massive nuclear explosions was developed—and 
put to use—in the absence of an adequate understanding of the biologi- 
cal hazards that followed. 

We are constrained to ask why the long established precepts of science 
have not been sufficiently strong, despite insistent social demand, to 
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prevent such hazardous use of partial knowledge. 3 

Secrecy, which has become ubiquitous in modern, large-scale science 
and technology, hampers the processes of scientific discourse. In the nor- 
mal procedures of science, errors or inadequacies in scientific information 
are detected and corrected through open dissemination of results and free 
discussion of their significance. When secrecy intervenes, such inade- 
quacies are not subject to the scrutiny of the independent sciéntific 
community and may go uncorrected for relatively long periods of time; 
faulty action may result. 

Another source of present weakness in the integrity of science is that 
the social agencies which are responsible for the pattern of research sup- 
port—especially Congress—do not yet appreciate the hazards involved 
in developing support for science on the basis of immediate demands for 
particular results. Support for science which does not permit the free and 
balanced development of all aspects of a problem tends to narrow the 
range of available scientific information and dangerously unbalances our 
control o7 new interventions into natural phenomena. 

The National Science Foundation was intended to provide just this 
sort of broad support for science. However, as a result of the rapid 
development of a massive space research program by NASA, the relative 
strength of science-oriented support has become significantly reduced. 
If this process is unchecked, it will further reduce the ability of science to 
develop & comprehensive understanding of large-scale interventions into 
nature, and constitute a further erosion in the integrity of science. 

Even where an adequate balance of information regarding physico- 
chemical and biological aspects of modern science exists, inadequate inter- 
disciplinary communication often limits the effective use of this infor- 
mation. Had the developers of the present synthetic detergents been 


- aware of available information regarding the relative resistance of 


. branched. molecules to biochemieal degradation, they might have hesi- 
tated te impose & massive burden of such substances on the biosphere. 

We see, in some recent developments, & noticeable tendeney toward 
the séparation of "modern" aspects of science from more traditional 
fields. There is a tendency to look upon synthetic chemistry or the bio- 
physics oi radiation effects as “modern science” while the fields of biology 
that are more closely related to natural phenomena—for example, 
ecology—are often regarded as old-fashioned and outmoded. Neverthe- 
less, it is the complex natural system which is disturbed by the untoward 
secondary effects of massive physicochemical technology. Derogation of 
the sciences devoted to the study of natural systems is hardly conducive 
to the proper understanding of the consequences of the large-scale experi- 
ments that are so typical of modern science. 

The scientist’s position in society has changed considerably in the last 
decade and some of these changes have influenced the integrity of science. 
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, Because of the rapid inerease in the importance of science to major 
national needs (military, economic, international), scientists have been 
drawn into extensive participation in business, government agencies, 
and publie affairs generally. The publie has become willing to accept, 
with the respect accorded scientific conclusions, the scientists view on 
numerous topics that have nothing to do with his special area of com- 
peterfce, or with science as a whole. 

The scientist now often finds himself, by virtue of being a scientist, in à 
powerful position to influence social decisions which are not solely mat- 
ters of science. For example, most major poliey decisions about the space 
program require social judgments. Although scientists, as à group, have 
no greater competence or rights than other citizens in such matters, their 
close association with the space program has afforded them opportuni- 
ties to exert disproportionate influence on these decisions. Scientists have 
also played a major role in advising the government on the development 
of the nation's military strength and on important international negotia- 
tions. Since such advice almost always involves non-scientific matters, 
which are not subject to the self-correcting effects of scientific discourse, 
there are often serious disagreements on these issues among different 
Scientists and groups of scientists. 

When scientists serve as advisors to a governmental or private agency 
which is committed to a particular point of view on a public issue, ques- 
tions also arise concerning the influence of the parent agency’s viewpoint 
on the advice given to it. Where such advisory bodies operate under rules 
of secrecy, or for some other reason do not make their deliberations ac- 
cessible to the scrutiny of the scientific community, the normal self- 
correcting procedures of scientific discourse cannot be brought to bear. 
Conflicts may develop between the advisory group and other members 
of the scientific community regarding scientific matters, or the signif- f 
icance of non-scientific considerations. Such disagreements are difficult , 
to resolve because, in the absence of open discussion, they do note become 
explicitly stated. 

The growing interaction between science and public policy requires 
considerable attention to the problem of distinguishing scientific prob- 
lems from those issues which ought to be decided by social processes. 
An example of the tendency to confuse scientific evaluation with social 
judgment is the matter of radiation standards. Here, a scientific body, 
the Federal Radiation Council, is engaged in setting standards of ac- 
ceptability which are basically social judgments regarding the balance be- 
tween the hazards and benefits of nuclear operations. These judgments 
are, or ought to be, wholly vulnerable to political debate, but their ap- 
pearance in the guise of a scientific decision may shield them from such 
scrutiny. 
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VI. The Responsibilities of the Scientists and of Society 


Under the pressure of insistent social demands, there have been serious 
erosions in the integrity of science. This situation is dangerous both to 
science and society. If society is to enter safely into the new age of science, 
steps must be taken to strengthen the competence of science, as a reliable 
guide to nature, at its source—the integrity of science. Scientists have an 
inescapable responsibility to maintain the integrity of science; this is 
required by their duties to their own discipline and toward society. 

The set of principles and processes which comprise the integrity of 
science have been developed in a long and sometimes difficult history. 
The scientific community has a strong tradition of protecting this sys- 
tem of inquiry against insistent pressure or overt attack. This history 
has its heroes, its martyrs, its defeats. The lesson of both victories and 
defeats is the same. Wherever science has succumbed to social pressures 
that would subvert the objectivity of scientific data, foster perverted or 
undisciplined experimentation, or restrict the freedom of scientific dis- 
course, the price has been paid in a costly coin—knowledge. The relation- 
ship between the integrity of science and knowledge is evident in each of 
the instances we have cited. In each of them, defects in the integrity of 
science have led to inadequacies in our understanding of nature. 

What can be done to strengthen the integrity of science? In our view, 
replacement or even any extensive modification of the system of inquiry 

* which science has developed is not required. On the contrary, each in- 
stance which has led to an erosion of the integrity of science has arisen 
not because the system was tried and failed, but because it was not fully 
used. We must find ways to ensure that this system of discourse is fully 
engaged in the development and social use of modern science. 

* Some will assert that the only effective way to insure that science ad- 

* heres to the principles of objectivity, of open discussion of resultg, and of 
disciplined experimentation is to see to it that all scientists develop a 
personal edevotion to these principles. This view suggests that to 
strengthen the integrity of science we need but to promulgate a suitable 
code of &thies for scientists. 

Howevér, despite the importance of the scientist’s personal outlook in 
sustaining the integrity of science, this viewpoint is largely a reflection of 
the system of discourse in which the scientist must operate. We believe, 
therefore, that steps to strengthen the integrity of science should be cen- 
tered, to begin with, on the system rather than on its participants. 

The basic problem which we now face is the effect of the rapid expan- 
sion in the scope of scientific research and technology on the integrity of 
science. The scale of new scientific and technological operations places 
new strains on the process of scientific discourse. What are required, are 
means for bringing these new activities into more effective contact with 
the system of discourse that science has already established. Large-scale 
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experiments and technological operations that might lead to violations 
of the principles of disciplined experimentation, or which might interfere 
with controls necessary to other research, need to be exposed to open 
consideration by the scientific community before they are undertaken. 

Such operations are important parts of governmental or industrial 
programs, and we recognize the difficulties which may inhibit their open 
discussion. Nevertheless, we see no way to ensure that these activities 
can be carried out without jeopardizing their ultimate value to the 
government or to industry, and to society generally, unless they are 
subject to the corrective effects of open discussion. Military or com- 
mercial secrecy seriously hampers proper development of large-scale 
scientific intrusions upon the natural world, and we believe that our 
society must now take decisive steps to reduce these restraints. 

Any effort to minimize such secrecy will, of course, be confronted with 
serious and complex difficulties. Nevertheless, the need for open scientific 
discussion of the consequences of modern experimentation and technology 
is so urgent that the task, despite its difficulty, should now be under- 
taken. 

To correct the difficulties which arise from present confusions between 
scientific opinion and social judgment, we can again rely on the principle 
of open discussion. In such discussion the scientific community should 
require that any public assertion, whether made by a scientist, by a 


government agency, or by a political figure, which*makes use of scientific - 


considerations include, if only by reference, verifiable sources for the lat- 
ter. If a scientist, whether speaking professionally or as a citizen, asserts 
that fallout represents a calculable risk to health, he should be expected 
to indicate what scientific observations support this conclusion. If a 
public official declares that a particular public policy, such as exploration 


of the moon, is required for the advancement of science, he should be . 


expected to indicate where the supporting scientific considerations may be 
found. The development of this type of discourse should do maich to re- 
duce the confusion between scientific evidence and social judgment and 
thereby help to restore the slackening public faith in the intéprity of 
science. i : 

All citizens bear serious responsibilities toward maintenance of the 
integrity of science. The basic social function of science is the develop- 
ment of objective knowledge about the natural world and of means of 
directing this knowledge toward the satisfaction of human needs. As we 
have emphasized, science has developed a set of principles and procedures 
which are designed to maximize the search for such knowledge, which is 
&ctually the unquestioned goal of science. But, in the rest of society, 
not every person or every institution may be equally well served by a 
particular scientific conclusion. A physician who asserts that smoking is 
harmful to health will gratify many parents, but will also displease cer- 
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tain farmers and manufacturers. A recitation of the hazards of nuclear - 
testing, or of the untoward effects of a government-sponsored experiment. 
in space on science may be resented by those who wish to promulgate 
these activities. Science needs to be protected from such constraints by 
being permitted to develop and disseminate knowledge in keeping with 
its own procedures, so that the usefulness or desirability of this knowledge 
to society may be determined by that society. This is a responsibility of 
all citizens, including those who are scientists. 

In its own self-interest, society must respect, and indeed encourage, 
the integrity of science. Too often science is regarded only as a means of 
satisfying immediate social demands, and such demands sometimes pro- 
duce pressures which erode the integrity of science. Society must recog- 
nize more clearly than it now does, that such pressures are self-defeating, 
and, given the hazards involved in a faulty understanding of the power of 
modern science, exceedingly dangerous as well. 

If scientists work to strengthen the integrity of science, and if citizens 
learn to respect the importance of the integrity of science to society, 
we can enter the new age of science in the hope that it will properly serve 
the welfare of man. 
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LEMMINGS AND POPULATION PROBLEMS 
By GARRETT C. CLOUGH 


HE BEST scientific problems are never completely solved because they 
as lead to new questions. A good scientist seldom contemplates 
any accomplished piece of work without seeing new unsolved problems, 
scarcely suspected before, rising from it. A good example is the subject 
of lemmings, the legendary rodents which march into the sea—or at 
least so folklore proclaims. In recent years, the lemming question has 
been removed from the realm of myth, and biologists have collected 
much new information to clarify and redefine the problem. But study has 
uncovered new mysteries, and this particular biological phenomenon now 
appears even more complex and provocative than before. 

The periodic wanderings of masses of Norwegian lemmings (Lemmus 
lemmus) in the mountain regions of Scandinavia stimulated many imagi- 
native and superstitious explanations in former centuries. Some of these 
tales persist today. While I was in Norway in 1963 and 1964, some people 
questioned me about the suicidal urge which is supposed to cause the 
lemmings to fling themselves into the sea, or inquired if I had seen any 
angry lemmings burst apart with excess rage. Though serious scientists 
have long since dismissed such legends, the fanciful myths have been 
replaced in the scientific literature by a set of equally imaginative hy- 
potheses. These have been built by critical biologists upon firm observa- 
tions and experimental results, but they remain temporary ideas suggest- 
ing what new studies should be made in order to learn more. Much of 
what we have learned, in addition, may have bearing on the problems 
created by human population increase and rapid technological develop- 


- ment of our environment. 


T wo facets of the lemming's life are of tremendous interest andi impor- 
tance. ‘bhe first is that their population numbers change so drastically 
from time to time. The second is that, occasionally, great numbers of 
lemmifigs move considerable distances from their original homes. These 
two aspects of lemming biology may not be so closely related as was once 
thought. 

The Norwegian lemming is one species of a rodent sub-family (Micro- 
tinae) whose 70 or so species are very common throughout the north- 
temperate and arctic zones. Various mice, voles, and lemmings are in- 
cluded here, all with the same general appearance of compact body, 
short neck, and small ears and tail. Most of these small rodents exhibit 
marked fluctuations in their numbers over periods of 3 to 4 years. Some- 
times, as in an outbreak in Oregon and Washington in 1959-60, some of 
these animals will become so abundant that they cause much damage 
to man’s crops. Five species of this group are called lemmings—three 
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in ‘the New World, including Greenland, and two in the Old World. 
Lemmings are arctic residents. 


A Peak Lemming Year 


My wife and I were fortunate to begin our study in the middle of a 
peak lemming year. We arrived in the Dovre mountains of south-central 
NorWay in June, 1963. Our home for the next two summers and periodic 
week-long trips throughout the winter was a small cabin just below the 
timber line. The first summer, lemmings were everywhere—under our 
cabin, in the fields next to us, along the stream from which we took our 
water. The colorful little animals ran from our path wherever we walked, 
whether through the upper forest zone of low birch trees, on the wet bogs, 





Fia. 1. An early stage in a lemming fight. The approach of the one orf the left is 
being repelled with a defensive threat posture and squeaks of the animal on the right. 
Most of the encounters between wild lemmings never proceeded beyond tMis stage. 


or over the high open tundra. Lemmings were the most obvious animals of 
the landscape. For the previous ten years, lemmings had been virtually 
absent from this area. Biologists had captured a few by extensive trap- 
ping in 1960, but most residents hadn’t noticed any at all in the past 
decade. Then skiers first saw some animals above the snow during the 
1963 Easter holidays. For a few weeks at the end of April and beginning 
of May, during the time of snow melt, wandering lemmings were seen by 
local residents in the birch tree belt. By the time we arrived on June 8, 
the animals had apparently settled down. I found them plentiful from 
the sub-alpine birch belt and above the tree line in the low-alpine dwarf 
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shrub belt to the mid-alpine grass-heath belt. The large adults which liad 
survived over the winter were all sexually mature with the females either 
bearing young or suckling new-born. The small size of the juveniles in- 
dicated that these probably had been born after the spring wandering 
period. Four species of voles of the genera Microtus and Clethrionomys 
were abundant also. 

A lemming year is accompanied by remarkable changes in the numbers 
of many other animals, too. These small rodents feed upon plant material 
exclusively—in the case of the lemming, on moss, sedge and grass. They 
occupy the basic animal position in the food chain which converts 
vegetable matter into animal flesh. The snowshoe hare, certain small 
birds, the willow grouse and the ptarmigan share this position with them. 
Predatory animals depend upon these herbivores for their food supply. 

This summer, the lemmings and voles provided an extra-abundant 
source of food for the various arctic predators. There were ten successful 
nests of short-eared owls on the high marsh close to my study area. 
A Norwegian ornithologist told me that no owl nests had been found 
there in the last eight years. Rough-legged hawks and marsh hawks were 
more numerous than usual, and the nests I visited had many lemming 
and vole carcasses in them. The rarer snowy owls nested in the higher 
mountains to the south, where lemmings were also abundant. Foxes and 
weasels were plentiful and could sometimes be seen hunting in the day- 
time. The attention of these predators was so largely concentrated on the 
rodents that the grouse and ptarmigan were left relatively free to raise 
large broods to maturity in the summer, and in the fall the hunters had 
an exceptional season. 

For many years the cyclic nature of the lemming populations has been 
* known tj. Most records of northern fur trapping show a fluctuating 
* number of pelts. In Norway, the weasel and fox returns follow the lem- 
ming years closely. The Hudson’s Bay Company fur records from 
Canada show regular fluctuations in lynx, fox, and weasel pelts. Popula- 
tion changes in bird predators are also noticeable. In the northern United 
States, Winter invasions of snowy owls from Canada follow the decline of 
the lemmings and other small rodent populations farther north. 


Population Theories 


The attempted explanations of small mammal cycles may be put into 
three groups. The first approach looks for the cause of cycles in the en- 
vironment. If some environmental factor, either physical or biological, 
could be found which varied in its expression at the same rate as the 
animal numbers, then a strong case for a causal relationship could be 
established. Such factors as temperature and rainfall, sunspots, lunar 
cycles, predator populations and disease organisms were examined. Al- 
though some of these may influence the rodent numbers, none of them 
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ehas been shown to be consistently connected to the cycles. This type of 
theory has been dismissed as the sole explanation by practically everyone 
who has looked into the question. 

A second group of theories developed the idea of an interaction be- 
tween the rodent population and some aspect of its biological environ- 
ment, The rodent numbers and the other side of the balance were sup- 
posed to have an oscillating relationship. In these theories, the small 
mammals were considered to be one part of a dynamic predator-prey, 
parasite-host, or plant-herbivore interaction. We can imagine a simplified 





Fic. 2. The author observes lemmings on their home grounds in the upper birch 
woods in south-central Norway. In Scandinavia, the trees growing at the highest 
altitudes are birch, not spruce as in the United States. 


example of the latter case. Suppose the rodents are so numerous that they: 
eat up all of their food supply. Most of them will die from sfarvation 
after the plants have been destroyed. In the following years, the grasses 
recover to full growth and the rodents can begin to increase again with 
the renewal of food. In a few years, the high powers of rodent procreation 
tip the balance all over again. A number of biologists have evidence which 
seems to fit such theories i. 3, 4]. 

The third and most recent approach to the problem places the cause 
within the population itself. These are the theories of self-regulation or 
self-limitation which propose that the forces which promote increase are 
strongest when the population is lowest and weakest when the popula- 
tion is highest. This is the familiar concept. of feed-back, applied to an 
ever-changing population. 

A self-regulation theory was first suggested as an explanation of 
animal cycles by J. J. Christian in the United States in 1950 and has since 
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stimulated much work. Three things determine the numbers of animals 
of a single species at one place: the birth rate, the death rate, and the 
movements of individuals to and from the place. This group of theories 
argues that the birth and death rates are dependent in some way upon 
the numbers of animals present. Social stresses—such as the amount of 
fighting, interference with maternal behavior, or general antagonistic 
contacts between individuals—may increase as the population density 
increases. There has been ample evidence in laboratory rodents that such 
social stress acts detrimentally on various internal organs of the in- 
dividuals (5j. The adrenal glands of animals experimentally exposed to 
crowded conditions or to trained aggressor animals (6j usually enlarge in 
the same way that they do when an animal is exposed to most physical or 
chemical hardships. According to these theories, the adrenal change 
makes the animal more susceptible to additional stresses and strains of 
life. As the body’s master gland, the pituitary, is called upon to support 
additional adrenal hormone production, it reduces its own output of the 
hormones which serve in turn to develop the reproductive organs and 
hormones. Thus, fewer young may be conceived; and those that are 
born may not be so healthy or the mother may fail to care for them 
properly. This may be the key to the declining birth rates and mounting 
death rates which often culminate in a precipitate drop in the popula- 
tion. These ideas havemuch support {7}, but are not yet proven. 

There is a balance among the endocrine glands within one individual 
just as there is among the individual members within a species popula- 
tion and among the various species of plants and animals within a com- 
plex natural community. These three systems of increasing size—a single 
animal, a species population, and a community of plants and animals— 
* are similar, in that each system is composed of many parts so organized 
* that a change in one part results in a compensatory change .in other 
parts. 

Todays support and criticism for both the self-regulatory theories and 
the plant-herbivore balance theory can be found. Much of the evidence 
for the self-regulation comes from laboratory experiments on semi- 
domestic animals. It is much more difficult to conduct critical experi- 
ments or to gather sufficient material on wild populations. Some of the 
data concerning endocrine glands and resistance to stress of wild animals 
do not agree with the theory. For example, the weights of adrenal glands 
of Canadian lemmings from peak populations are no different [8], or 
lower than {9} those of lemmings captured at periods of low population. 
In earlier work I have done (0i, there was no difference in the resistance 
to stress or in adrenal weight between free-living voles in very dense 
populations and those from sparse conditions, after allowing for the 
variability due to season and reproductive condition. The foremost 
Scandinavian student of lemmings, Dr. Olavi Kalela of the University of 
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Helsinki, emphasizes the plant-herbivore balance. 'There are now some 
hints that the plant food of lemmings may exhibit fluctuations in nutri- 
tive quality which in turn influence birth and death rates of the lemmings 
11}. If these ideas are true, then the entire cycle problem is moved down 
one level and includes a problem of plant cycles. The men who have 
spent many summers studying lemmings in Alaska also place consider- 
ablé emphasis on the plant-lemming interaction, for there the lemmings 
sometimes devour their entire food supply (2). 





Fig. 3. These young rough-legged hawks have been supplied with more lemmings 
than they can consume. n 


Meaning to Humans bs 


Whatever the underlying mechanisms are, the cyclic changes of 
lemming numbers have been attained after a long evolutionary’ history 
since the Pleistocene glaciers or even earlier. As might be expected, the 
ideas devised to explain animal cycles—especially the finding that life in 
crowded conditions can have profound physiological effects—are now 
being used to discuss human population problems. But, in my view, 
there are too many basic differences to justify much of this speculation. 
For one thing, historically, human populations have shown only a 
steadily increasing growth over thousands of years—or no significant 
change in the case of some isolated peoples. There has never been the 
regular, short-term rise and fall seen in the rodent populations. For an- 
other difference, although it is probably true that humans crowded into 
urban centers are plagued by certain mental and physical diseases of 





LEMMINGS AND POPULATION PROBLEMS 205 


civilization, their birth rates are not greatly inhibited (if at all) nor theire 
mortality rates increased. In fact, the birth rates are comparatively high 
among the people who live with the poorest conditions of nutrition, 
housing and, perhaps, even emotional and mental hardships. Finally, I 
can see no evidence of an evolutionary adaptation for over-all limitation 
of human numbers, either by self-regulation or by a balance with the en- 
vironment. By cultural and technological revolution, humans have so 
rapidly outgrown their original niche in the balanced system of nature 
that we no longer know where we belong in the ecosystem of the earth. 

Great as the differences are between man and lemmings, we can learn 
some things about human populations by studying lemmings. Certain 
physiological comparisons are valid, for we and the lemmings are mam- 
mals who share many of the same biochemicals and internal functions. 
We are learning a great deal about how animal numbers are regulated in 
nature, about the mammal’s physiological reaction to stress, about the 
delicate functions of the integrated hormone system, about the organiza- 
tion and function of natural communities, and about the evolutionary 
adaptations to various environments. In addition, when we learn to 
know intimately the lives and histories of wild creatures which we use as 
inspirations in our stories and mythologies, we often can look upon our- 
selves and our fellow men with a greater perception, appreciation, and 
tolerance. Biologists,also study lemmings to satisfy deep personal curi- 
osity about important unsolved phenomena of nature, partly because the 
animals are such delightful, pretty creatures to watch, and partly out of 
a desire to travel into the peaceful, adventurous arctic tundras and 
beautiful lonely mountains of the north. 


Mass Wanderings 


What makes the lemming famous to the general public is the animal’s 
spectacfllar mass emigrations. Sensational accounts of great hordes of 
lemmings moving down from the mountains—some of the stories date 
back to the sixteenth century—are based on actual events, though the 
movements are by no means so overwhelming as they are sometimes 
painted. Finnish ecologists, working in the northernmost tip of their 
country, have learned that lemmings actually make two trips annually, 
usually short journeys made from the winter habitat to the summer 
home [12]. These relatively short trips occur during April and May and 
then again in late summer and fall before the snow comes. In the summer, 
lemmings prefer wet peat lands where the grass and moss grow best. In 
the winter, when these places are frozen, they prefer drier areas where a 
dense snow cover protects them and their food supply. Often the move- 
ments occur vertically up and down the mountain slopes. These biennial 
treks between summer and winter homes take place regardless of popula- 
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4ion density, and may be a special phenomenon which evolved in the 
Norwegian lemmings to make best use of the topography, vegetation 
types, and the climate of the European arctic regions. The species of 
lemmings inhabiting Canada, Alaska, and Greenland seldom move from 
their homes in this manner. The topography there is flatter and the 
vegetation much more monotonous than in Norway. Since the cyclie 
fluctuations of lemming numbers are not a special characteristic, but one 
shared to some degree by all the small mammals from the temperate 
zone northwards, it appears that the underlying explanations for these 
two events are fundamentally different. 
| 


! 


| 





Fia. 4. A view from timberline in the Dovre Mountains. In late summer lemmings 
wandered down the slopes onto the fields and marshlands. 


But all is not clear, by any means. Sometimes lemmings do béhave in 
a way which seems completely maladaptive or neurotic. The, peak 
population which I watched all through the summer began to move 
downward from the alpine shrub and lichen zones rather suddenly in 
mid-July. During the short night and early morning hours, I could see 
individual animals proceeding at a steady pace down along a hiking 
trail. While I sat at a convenient observation point where a road crossed 
a small river, as many as forty lemmings per hour passed by. These 
animals were not heading toward a good wintering ground. In fact, by 
September and October, when the first snows came, many of them had 
settled in the large, low-lying marsh and in a hayfield devoid of green 
grass. None of them survived the winter here. Other wandering lemmings 
began to appear at the nearest town and surrounding pine forests twelve 
miles away down the valley. 
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Social Antagonism 

The great antagonism and aggressiveness in these lemmings probably 
plays an important role in such irrational wanderings of a portion of the 
peak population. It was easy to learn something about the detailed 
daily activities of some lemmings because, unlike many small mammals, 
they were readily seen in the daytime. Perhaps their broken black. and 
light coloring serves as disruptive camouflage and makes them willing to 
expose themselves in the open. By marking lemmings with paint and by 
clipping away bits of fur, I could identify individuals on sight as I sat 
quietly in the birch woods. 

Lemmings must be the most antisocial and antagonistic of all rodents. 
Every single time I saw two lemmings meet face to face, there was some 
sign of agonism (attack, defense, or escape behavior). At the mildest 
level, this agonistie behavior took the form of a slight squeak with the 
assumption of a threatening upright posture by one animal, and a cor- 
responding low submissive stance by the other. They might then sepa- 
rate or might proceed into the second stage which involved mutual 
pushing of the forefeet in a boxing bout. In the wild, animals either 
parted peacefully at this stage or one animal turned and fled with the 
other in pursuit. Loud squeaks usually accompanied the boxing and 
chase. These encounters were very frequent during the summer. Newly- 
weaned litters were €ontinually being added to the already crowded 
active ranks. At times, I saw five or six individuals sitting or eating at 
the same moment within fifteen feet of me. During observation periods on 
five days in mid-July, I heard an average of 5.6 squeaks per hour but 
this had declined to 1.8 squeaks per hour during five days at the end of 
. August. The first period represents the start and the second period 
_ represents five to six weeks after the start of the wandering movements. 

The large mature females were always the winners in the cbnfliets T 
‘witnessed in the birch woods. They chased away everyone, from males 
larger than themselves to young recently emerged from the nest. Perhaps 
these dominant, aggressive matrons triggered the social stress within the 
population. In any case, it seems reasonable to assume that all this social 
uproar accounted for the wanderings of part of the population. Only 
middle-sized lemmings were seen wandering at first. The very young and 
the older breeding segment of the population stayed behind at the good 
homesites where food was still available. At the beginning of the wander- 
ing period, two-thirds of the animals were males. Almost all of these 
males and most of the females were sexually mature, but the females 
were not pregnant. By the end of August, the sex ratio among the wan- 
derers was equal and a few smaller, sexually immature animals were in- 
cluded. Once on the move, lemmings were antisocial to an extreme. 
They moved completely alone. Whenever two wanderers met by chance, 
there was squeaking and rapid avoidance. On a few occasions, I placed a 
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e lemming in a small cage of wire netting on the emigration path. Lem- 
mings who came moving downhill did not change their pace or direction 
even if they walked within a foot of the caged animal The aggression 
displayed among those who settled in the open hayfields was very great. 
Here they could not avoid each other and we could see and hear them 
outside our cabin, running, chasing, and squeaking at each other. 

The agonistic encounters among the birch wood residents or between 
two wandering lemmings never reached the stage of biting and rolling 
together in a fight as it invariably did between captive lemmings con- 
fined to a limited space. I did not find any wild lemmings with scars and 





Fic. 5. Three week old lemmings are well able to care for themselves. Their eyes . 
open at 12 or 13 days of age and weaning is over during the third week. More than 
twelve young can be born at once but the usual litter size is 5 to 8. 


wounds. The difference between behavior of free-living and confined 
animals deserves greater emphasis in evaluating evidence on population 
problems. Whenever I placed two wandering lemmings together in a 
small cage, they fought savagely until one of them died, always within 24 
hours. They met face to face and exchanged bites directed at the mouth 
and chin, their sharp incisors easily tearing through the skin. Even in 
large floor pens (four by eight feet), with plenty of food and shelter, six 
or eight lemmings would fight so much that all but two or three would be 
dead in less than a week. At the time of death, they were severely wounded 
and emaciated. In captivity, voles are much more tolerant than lem- 
mings. I could keep ten bank voles together in a small cage. After a few 
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hours of shoving and squeaking they would quiet down and the next day , 
would all be huddled together in a nest in one corner. Ten meadow voles, 
placed in a floor pen of 15 square feet, will fight and wound each other 
slightly but all will survive if adequate food and cover is provided [13). 

Generally, the social structure of a population of mice and voles is 
based upon a spacing-out of the individuals in suitable habitat. Each 
individual has a limited range of movement—about a quarter of an*acre, 
depending upon season, sex and type of habitat. Mature females tend to 
defend their own territory and to prevent other females from encroaching 
on it. Males have larger home ranges which usually overlap those of a 
few females. When the numbers of our common wood mouse increase, 
some individuals seek space in less favorable places nearby, or the home 
ranges and territories may be compressed [14]. Sometimes, the territorial 
defense of field voles may relax enough to allow two females to live 
amicably together, or the offspring of one mother to remain in her range 
even after she has another litter (5j. This does not seem to happen 
among the Scandinavian lemmings. 


Open Questions 


It is still unclear, if behavioral differences exist between individuals 
in low and high density populations, how great and how significant they 
are. Perhaps the social stress among the adults is reflected in the new- 
born. Prenatal influences have been demonstrated in white mice and rats 
in the laboratory (6, 17). Young white mice, born to mothers who had 
been subjected to crowding or obnoxious stimuli, were different in some 
behavioral responses from those born to uncrowded and undisturbed 
mothers. The experimental young were less active and slower to explore 
unfamiliar areas than the control animals. However, different results 
were found in a comparable study with laboratory rats ps). [f it were 

. true that prenatal influences were acting on wild lemmings born in peak 
years, these animals may be less able to adjust to the erowded conditions 
than their parents were. 

It hàs also been suggested that behavioral changes through the genera- 
tions might be related to genetic changes [:9j. That genes may affect 
agonistic behavior and other behavioral characteristics of mammals is 
known (20). The pattern of response to social encounters may also be 
partly the result of learning by the young after they leave the nest and 
meet dominant adults. Frequent experience of conflicts may reduce their 
tolerance towards other lemmings. Aggressiveness, like all other complex 
forms of behavior, is formed by close interaction between inherited (non- 
learned) and acquired (learned) factors (11. This whole discussion must 
be highly speculative since the experimental evidence on these questions 
is meager. 

Only a portion of the lemmings in my study area undertook the 
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wandering which led them into unsuitable habitats. A certain portion 
may have maintained their regular habits with the seasonal change of 
habitat. After the winter snow cover had arrived in late October and all 
wandering had ceased, I found lemmings living in all habitats; good and 
bad, from the lower pine forest, on the marsh and hayfields, in the birch 
woods, and above in the low and mid-alpine belts. But my traplines 
already were showing decreased populations. The population decline had 
started. 

When I returned to the mountains on the first of March, I did not find 
a single lemming. In one week's time I saw only a few rodent tracks in 
the snow. This astounding disappearance of the lemmings was verified in 
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Fig. 6. The Dovre study area in March when the lemming population crash "was 
nearly complete on all habitats. 


the spring. Although we spent the entire months of May and June in a 
thorough and complete search, we found only five bank voles where the 
year before, lemmings and voles had overrun the ground. Traces of 
lemming work under the snow and a few decaying carcasses were present 
in all habitats but the overwinter die-off had been virtually complete. 

There had been nothing severe in the winter weather to cause this 
population erash. Only sixty miles to the northeast, in the valley on the 
other side of the Dovre mountains, lemmings were still plentiful. There, 
the lemmings had successfully survived the winter in pine forests, birch 
woods, and even on close-cut hay fields. During the month of May, 1964, 
they wandered along the roads and in the woods. 
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I do not know the cause of the mass mortality of the lemmings. 
Lemmings and other microtine rodents do not always decline from a” 
population peak so rapidly or always during the winter. The decline may 
occur slowly over a two-year period and, if a short crash does occur, it 
may be at any season of the year {22}. Much must be learned before the 
mysteries of the lemmings are solved. Whether the social stress in high 
density populations is a strain on the endocrine system, as it is in Some 
animals, is still a question. Studies on the quality of wild rodents’ food 
supplies are just starting. Lemming problems should be followed on all 
biological levels, from the organs and hormones within the individual to 
the complete community of soil, climate, plants, and related animals. 
Work in biochemistry, endocrinology, genetics, physiology, nutrition, 
ecology, and animal behavior wil] contribute to future studies of these 
problems. 

The lemmings, as a species, are remarkably successful residents of the 
harsh arctic regions despite, or rather because of, the fact that their 
population explosions are so extravagant with individual lives. Without 
these periodic irruptions of individuals, the species might have met, long 
ago, either of two fates leading to extinction. With a lower capacity for 
reproduction, the species might not have survived the especially severe 
climatic hardships which occasionally occur. A greater reproductive 
capacity, coupled with better ability to tolerate social stress and crowd- 
ing, might have led fo total destruction of their food supply. As things 
are, the hordes of lemmings present during peak years never irreversibly 
damage their resources. Most of the individuals are lost, but some are 
always left to reestablish the populations. Behind the drastic periodic 
changes in lemming numbers measured in terms of years and decades, 
there exists the fundamental stability of the aretic community from times 
before the appearance of modern man. " 

One important thing the non-biologist can learn from all this work is 
an appreciation of ecological complexity, of the interdependence of every 
living ereature. Even the self-regulation theory of animal cycles does 
not, by any means, imply that a population of animals is independent. I 
have alréady noted that lemming events have tremendous repercussions 
for many animals about them. The life of a single animal or plant, in- 
cluding the human, is understandable and definable in terms of a group 
of individuals occupying a certain place in a dynamie, living community. 
Knowledge and understanding of this fact seem very hard to get across to 
people all over the world, whether in the highly educated countries or in 
the semiliterate ones. And yet it is just this sort of appreciation which is 
needed to guide so many of our own activities. Man is one part of the 
whole system of nature. We have become such a powerful species that 
our activities have powerful effects, often resulting in great compensatory 
changes or even destruction in the ecosystems that we touch. 
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CHEMICAL CARCINOGENS, CARCINOGENESIS , 
AND CARCINOSTASIS* 


By NORMAN H. CROMWELL 


ANCER has been defined by Willis 1) as an abnormal mass of tissue, 
the growth of which exceeds and is uncoordinated with that of 
normal tissues, and persists in the same excessive manner after the 
cessation of the stimuli which evoked the change. The study of chemical 
carcinogenesis has proven to be one of the most rewarding and definitive 
areas of cancer research. It was in 1932 that Kennaway [2] and his 
colleagues in England first demonstrated that cancer could be induced 
in experimental animals by a pure chemical. Many of the suspected 
environmental cancers of man have since been reproduced in animals. 


ax 


benzo [a] pyrene 





7; 12-dimethylbenz[a]anthracene 3-methylcholanthréne 


In re¢ent years, there has been a renewal and intensification of 
interest in the causes of cancer with the hope that a better understanding 
of the processes known as carcinogenesis (cancer formation) will even- 
tually lead to the control of this scourge of mankind. Experimental 
cancer may be induced in three reproducible ways: by chemicals, 
viruses, and ionizing radiation. In this brief account an attempt is 
made to interrelate some contemporary facts and concepts concerned 
with the carcinogenic (cancer forming) and carcinostatic (cancer 
arresting) actions of certain organic chemicals, with special emphasis 
on the polycyclic hydrocarbon and heterocyclic compounds. 

During the past several decades, a major effort in the general field 
of experimental oncology has been directed toward the discovery and 
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identification of both carcinogenic agents and carcinolytie agents. 
During the latter part of this period, there has been a considerable 
shift in emphasis from simply synthesizing new agents toward the more 
basic question of the mechanisms of action for both of these classes of 
substances. There would seem to be no fundamental reason why, 
eventually, chemists should not be able to decipher both of these related 
procèsses in chemical terms. However, before this can come about, it may 
well be necessary for us to know more concerning the precise biochemical 
differences between normal and malignant cells and how these differences 
control cell division in each instance. Undoubtedly, both the causation 
of cancer and the control or reversal of malignancy will turn out to 
have closely interrelated mechanistic bases. Both for carcinogenic 
agents and carcinostatic agents, there must be a reaction between the 
agent and some component of the cell for cell growth to be inhibited. 
In both instances, the question is which component (or components) 
reacts and is responsible for the biochemical lesion that ultimately 
leads to the biological effect. Cancer seems to involve a change in 
the cells’ hereditary mechanisms. A successful carcinostatic agent 
would be one which would either prevent or reverse this abnormal change 
in hereditary control of cell growth. 

Of the three methods of treating established cancer: namely by 
surgery, radiation, or chemotherapy, only the first two can be said to 
effect cures, and these cures represent somewhat over one-third of the 
patients diagnosed as having cancer. If the best possible methods of 
diagnoses and treatment now available were to be applied, the cure 
rate might be raised to 50%. For the last 50%, it may well be that 
some form of cancer chemotherapy offers the greatest promise. It is of 
course also possible that we may eventually learn, through the study of 
carcinoggnesis, how to eliminate from our environment or neutralize the 
effect of the major causative factors associated with the initiation and, 
malignant propagation of human cancer. . 

It has been claimed that, from a practical standpoint, the major 
problem of finding a cancer cure is to learn how to fight against dis- 
seminated cancer cells hidden in remote parts of the body. Tt is felt 
by some that this will require a fight by chemical means. If it were 
not for the widespread dissemination of cancer cells in the patient, he 
could be eured by the removal of the localized tumor using surgery or 
radiation. Thus, it has been recognized that there is a great need to 
study the mechanisms of metastasis in detail, especially in laboratory 
animals. 

Much more effort needs to be placed on the study of the mode of 
action of the drugs now known to have some beneficial effect. Of the 
some 20 to 30 agents now available for the chemotherapy of cancer 
in man, none provides an enduring cure except for very rare forms of 
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the disease (3). The proper use of these agents, however, makes it possible 
to hold the disease in check in many cases and to relieve symptoms 
and prolong useful life. Agents with a much higher degree of selectivity 
need to be developed. Even the most effective agents available today 
are much too toxic to the patient. Either drugs with a lower level of 
toxicity must be found or new methods of administration must be 
devised which either protect the patient from the extreme toxic effects 
of the drugs or which potentiate the effectiveness of a lower non-toxic 
dose of the drug. 

Some progress has been made in the more effective administration 
of known agents. Through use of the surgical techniques known as per- 
fusion and infusion [4], localized portions of the body are treated with 
high doses of a cytotoxic agent while the rest of the body is protected 
by some neutralizing or counteracting chemical. Also, considerable 
progress in combination therapy, that is in the combination of the vari- 
ous mentioned methods, such as an application of chemotherapeutic 
agents after surgery to attempt to remove free-floating cells (5j, and the 
combination use of cancer chemotherapeutic drugs with radiation to re- 
duce more effectively tumor masses has been realized (6). 

It was suggested sometime ago that it might be possible to discover 
special growth stimulants which would cause cancer cells to destroy 
themselves. Although this happy situation has not yet been realized, 
the synergetic response of animal tumors and tumors in man to therapy 
employing either growth factors (corticosteroids) or carcinogens (ure- 
thane) in combination with various anti-tumor agents has been reported 
by several groups of workers in the United States (|o, 7, s] as well as 
in other countries [93]. It has been found that several types of compounds 
including known carcinogenic substances [s, 92], or growth promoting 
agents [9b], are capable of sensitizing tumors to the growth jnhibiting 

.action of certain anti-tumor agents. These observations obviously 
interrelate carcinogens, carcinogenesis and carcinostasis. 

Among the various drugs which have been found useful in the treat- 
ment and palliation of some types of disseminated neoplastic disease in 
man are chemical agents which have been classified as (a) cytotoxic 
agents, (b) anti-metabolites, (c) antibioties, (d) hormones, (e) alkaloids, 
and miscellaneous compounds for which no basis of action has been 
suggested. It seems unlikely to expect that the mechanism by which these 
widely varying substances bring about their biological actions will prove 
to be precisely the same, unless we mean by “‘the same" the fact that a 
reaction between the agent, a metabolite or an induced substance and 
some component of the cell must be taking place when cell growth is 
inhibited. One may immediately decide that there are many modes 
by which this might come about. 'There has been no shortage of theories 
either to explain carcinogenesis by various types of agents or the car- 
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cinolytie effect (carcinostatic) of the better known anti-tumor drugs. 

It must be admitted that theory has not yet played a very successful 
role in the development of cancer research except as a stimulus to 
further work. The developments which have been made in recent years 
have been based almost entirely upon empirical data. Many of the 
present-day theories are mere restatements of experimental or observa- 
tiorfal findings. The actual mechanism of carcinogenesis is still a matter 
of speculation. At the moment it seems promising to continue the study 
of carcinogenesis with the hope that, finally, an adequate picture will 
emerge which tells us what occurs in tissue and in the cell during abnor- 
mal development and growth. With this information at hand, we may 
then hope better to manage the disease in man. 

'The rebirth of interest in carcinogenesis has brought forth a wide 
variety of active agents of greatly different chemical properties. Such 
widely-differing substances as plastic films and metals on the one hand, 
and complex organie molecules, such as the biological alkylating agents, 
polycyclic hydrocarbons and polycyclic heterocyclic compounds, are 
known to initiate cancer. Despite the large variety of factors which may 
be involved in the initiation of cancerous growth, it appears that the 
necessary and sufficient alterations which take place with the genetic 
apparatus of the cells are similar in each case. The particular properties 
of the cancer cell are propagated to each succeeding generation even 
after the inducing agent is no longer present. Apparently, the chemical 
coding ability of the nucleic acid of the cell has been altered (10). 


Theories of Carcinogenesis 


Several books [11-14] have been written in the last few years which 


review the numerous theories and hypotheses which have been advanced - 


to interpret carcinogenesis. In all instances, the authors conclude that 
these are as yet far from adequate. The most hopeful approaches to a 
solution of these problems still seem to lie along rather empirical routes 
such as the further discovery and detailed mechanistic study of agents 
known to take part in either or both the initiation and promotion stages 
of carcinogenesis. 

One continuing approach to such empirical investigations has been 
the synthesis and biological study of new members of several series 
(15, 16, 17] of large flat molecules known as polycyclic heterocyclic 
compounds which have, in common with polycyclic hydrocarbons, the 
potential biological property of being rather strongly absorbed on 
protein surfaces 18, 19). However, as has been pointed out previously, 
protein binding is not sufficient to explain carcinogenicity. Many 
compounds react with proteins but are not carcinogenic (i.e., acylating 
agents, dinitrofluorobenzene, etc.). The above-named compounds also 
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inactivate enzymes; however, they are not carcinogenic and they do not 
react with DNA 120). There are many data which indicate that known 
carcinogenic hydrocarbons bind to proteins (i5, 19], and although it has 
been widely suggested that these same carcinogenic hydrocarbons bind 
to nucleic acids, there was little information until recently i21, 22, 23) that 
this is actually the case (24). It has been suggested that a possible function 
of a carcinogenic agent with the ability to bind to proteins may be its 
removal (“deletion”) of a nuclear protein from coordination with DNA 
thus allowing the DNA to “run wild" and initiate cancer (25). The 
deletion hypothesis said that tumors resulted from the loss or deletion 
of an enzyme system responsible for the control of normal growth, 
possibly because of the combination between the carcinogen and protein. 
An alternative possibility would be the deletion of some repressor 
system [25b]. 

Clayson (26) has suggested that two theories which seem of most 
importance in considering a possible mechanism for chemical carcino- 
genesis are based on: (i) somatic mutation, or (ii) the immunological 
theory of cancer. In spite of the fact that many investigators appear to 
have assumed that carcinogenesis involves as a first step a mutation 
in chromosomal genes in the cell, there is evidence that powerful muta- 
gens are not carcinogens and vice versa. Thus, it seems unnecessary 
to identify any portion of the carcinogenic process with mutation. 
Nevertheless, the change from normal to precancerous tissue during the 
process of initiation must involve a change in heritable features of the 
cell. 

Green [27] considered malignancy to be the result of the loss of specific 
antigens by the animal. He suggested that the chemical induction 
, of cancer takes place by two stages: (1) the interaction of the carcinogen 
with the specific antigens and/or other constituents of thé animal 
tissues to form complexes, (2) an immune response by the host to the 
tissue—carcinogen complexes accompanied by the elimination of the 
tissue-specific antigen and the appearance of a neoplastic cell. 

It has been generally found that all chemical carcinogens do combine 
with tissue constituents, i.e., proteins. Kobat ps; has suggested that 
antibodies react with only certain chemical groupings on the antigenic 
substance surface. 

Some experiments [29] have indicated that the action of chemical 
carcinogens in newborn mice do not adequately protect them from later 
chemical carcinogenesis, i.e., no tolerance is acquired; however, see the 
section on tumor growth inhibition by polycyclic compounds and Ref. (0j. 


Indirect. Carcinogens 


Some effective agents appear not to be direct carcinogens. Boyland 
[31», b] has found that the aromatic amines, 2-acetamido-fluorene and 
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* 2-naphthylamine, are converted in vivo to the active compounds which 
are probably arylhydroxylamines which have chemical properties 
somewhat similar to the biological alkylating agents which are also 
carcinogenic. It was found (315) that 2-naphthylhydroxylamine (50 mg/ 
kg.) in arachis oil twice a week for three months, intraperitoneally, 
in 13 random inbred strains of albino rats induced six abdominal sar- 
comas, three abdominal carcinosarcomas of diverse histological types 
and one lymphosarcoma. An identical dose of 2-naphthylamine induced 
sarcomas in 244 and possibly a salivary gland tumor in 144. These 
results agree with the hypothesis that the 2-naphthylamine and some 
other aromatic amines exert their carcinogenie action after a metabolic 
conversion to hydroxylamine derivatives. 

The arylhydroxylamines react with sulfhydryl compounds to form 
5-aminophenylderivatives (many carcinogenie substances react with 
sulfhydryl compounds). A few years ago, the Millers and their co- 
workers [32] at Wisconsin showed that N-hydroxylation is an important 
reaction which leads to an active intermediate of carcinogenic amino 
compounds. Ring hydroxylation is tbe other chief metabolie reaction 
but seems to be a detoxification route. However, this area is still under 
active investigation [33] and the precise details of the mechanism of 
carcinogenesis by the aromatic amines have not been clearly established. 
A somewhat complicating factor is the fact thate there are sex-linked 
differences in the metabolism of N-2-fluorenylacetamide by rats [34]. 

Boyland {319} also suggests that the carcinogenic hydrocarbons, and 
presumably other polycyclic carcinogens, may be converted by meta- 
bolic processes (i.e., conversion to epoxides by oxygen) to carcinogenic 
derivatives; they may also be oxidized to dicarboxylic acid derivatives 
leading to combination with proteins and sulfhydryl compounds. These 
latter m&tabolic processes with hydrocarbons, however, are probably 
detoxifications and not involved in the carcinogenic effect which is’ 
probably initiated by a charge-complex formation of the purine bases 
of DNA with either the hydrocarbon itself or an epoxy or peroxy deriva- 
tive. 1 

Kotin and Falk (35) have studied a large number of organic peroxides 
and epoxides, and have concluded that they have a definite carcinogenic 
and radiometric (DNA chain breaking) effect. This has been pointed out 
in specific instances previously by several groups of workers and various 
members of the class have been known for sometime as effective experi- 
mental anti-tumor agents against transplanted tumors. 


Cancer Forming DNA 


Recently, a group of scientists from the Sloan-Kettering Institute 
for Cancer Research in New York, headed by Bendich, collaborated 
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I do not know the cause of the mass mortality of the lemmings. 
Lemmings and other microtine rodents do not always decline from a” 
population peak so rapidly or always during the winter. The decline may 
occur slowly over a two-year period and, if a short crash does occur, it 
may be at any season of the year (221. Much must be learned before the 
mysteries of the lemmings are solved. Whether the social stress in high 
density populations is a strain on the endocrine system, as it is in Some 
animals, is still a question. Studies on the quality of wild rodents’ food 
supplies are just starting. Lemming problems should be followed on all 
biological levels, from the organs and hormones within the individual to 
the complete community of soil, climate, plants, and related animals. 
Work in biochemistry, endocrinology, genetics, physiology, nutrition, 
ecology, and animal behavior will contribute to future studies of these 
problems. 

The lemmings, as a species, are remarkably successful residents of the 
harsh arctic regions despite, or rather because of, the fact that their 
population explosions are so extravagant with individual lives. Without 
these periodic irruptions of individuals, the species might have met, long 
ago, either of two fates leading to extinction. With a lower capacity for 
reproduction, the species might not have survived the especially severe 
climatic hardships which occasionally occur. A greater reproductive 
capacity, coupled with better ability to tolerate social stress and crowd- 
ing, might have led fo total destruction of their food supply. As things 
are, the hordes of lemmings present during peak years never irreversibly 
damage their resources. Most of the individuals are lost, but some are 
always left to reestablish the populations. Behind the drastic periodic 
changes in lemming numbers measured in terms of years and decades, 
there exists the fundamental stability of the arctic community from times 
before the appearance of modern man. 

One important thing the non-biologist can learn from all this work is 
an appreciation of ecological complexity, of the interdependence of every 
living creature. Even the self-regulation theory of animal cycles does 
not, by any means, imply that a population of animals is independent. I 
have alréady noted that lemming events have tremendous repercussions 
for many animals about them. The life of a single animal or plant, in- 
cluding the human, is understandable and definable in terms of a group 
of individuals occupying a certain place in a dynamic, living community. 
Knowledge and understanding of this fact seem very hard to get across to 
people all over the world, whether in the highly educated countries or in 
the semiliterate ones. And yet it is just this sort of appreciation which is 
needed to guide so many of our own activities. Man is one part of the 
whole system of nature. We have become such a powerful species that 
our activities have powerful effects, often resulting in great compensatory 
changes cr even destruction in the ecosystems that we touch. 
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CHEMICAL CARCINOGENS, CARCINOGENESIS . 
AND CARCINOSTASIS* 


By NORMAN H. CROMWELL 


ANCER has been defined by Willis (1) as an abnormal mass of tissue, 
the growth of which exceeds and is uncoordinated with that of 
normal tissues, and persists in the same excessive manner after the 
cessation of the stimuli which evoked the change. The study of chemical 
carcinogenesis has proven to be one of the most rewarding and definitive 
areas of cancer research. It was in 1932 that Kennaway ( and his 
colleagues in England first demonstrated that cancer could be induced 
in experimental animals by a pure chemical. Many of the suspected 
environmental cancers of man have since been reproduced in animals. 


OU ohty 


dibenz[a, h|anthracene benzo [a] pyrene 
CH, CH, dis 
7,12-dime thylbenz[a]anthracene .8-methylcholanthréne 


In reéent years, there has been a renewal and intensification of 
interest in the causes of cancer with the hope that a better understanding 
of the processes known as carcinogenesis (cancer formation) will even- 
tually lead to the control of this scourge of mankind. Experimental 
cancer may be induced in three reproducible ways: by chemicals, 
viruses, and ionizing radiation. In this brief account an attempt is 
. made to interrelate some contemporary facts and concepts concerned 
with the carcinogenic (cancer forming) and carcinostatic (cancer 
arresting) actions of certain organic chemicals, with special emphasis 
on the polycyclic hydrocarbon and heterocyclic compounds. 

During the past several decades, a major effort in the general field 
of experimental oncology has been directed toward ‘the discovery and 
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e identification of both carcinogenic agents and carcinolytic agents. 
During the latter part of this period, there has been a considerable 
shift in emphasis from simply synthesizing new agents toward the more 
basie question of the mechanisms of action for both of these classes of 
substances. There would seem to be no fundamental reason why, 
eventually, chemists should not be able to decipher both of these related 
procèsses in chemical terms. However, before this can come about, it may 
well be necessary for us to know more concerning the precise biochemical 
differences between norma] and malignant cells and how these differences 
control cell division in each instance. Undoubtedly, both the causation 
of cancer and the control or reversal of malignancy will turn out to 
have closely interrelated mechanistic bases. Both for carcinogenic 
agents and carcinostatic agents, there must be a reaction between the 
agent and some component of the cell for cell growth to be inhibited. 
In both instances, the question is which component (or components) 
reacts and is responsible for the biochemical lesion that ultimately 
leads to the biological effect. Cancer seems to involve a change in 
the cells’ hereditary mechanisms. A successful carcinostatic agent 
would be one which would either prevent or reverse this abnormal change 
in hereditary control of cell growth. 

Of the three methods of treating established cancer: namely by 
surgery, radiation, or chemotherapy, only the first two can be said to 
effect, cures, and these cures represent somewhat ‘over one-third of the 
patients diagnosed as having cancer. If the best possible methods of 
diagnoses and treatment now available were to be applied, the cure 
rate might be raised to 50%. For the last 50%, it may well be that 
some form of cancer chemotherapy offers the greatest promise. It is of 
course also possible that we may eventually learn, through the study of 
carcinogenesis, how to eliminate from our environment or neutralize the 
effect of the major causative factors associated with the initiation and, 
malignant propagation of human cancer. 

It has been claimed that, from a practical standpoint, "e major 
problem of finding a cancer cure is to learn how to fight against dis- 
seminated cancer cells hidden in remote parts of the body. Tt is felt 
by some that this will require a fight by chemical means. If it were 
not for the widespread dissemination of cancer cells in the patient, he 
could be cured by the removal of the localized tumor using surgery or 
radiation. Thus, it has been recognized that there is a great need to 
study the mechanisms of metastasis in detail, especially in laboratory 
animals. 

Much more effort needs to be placed on the study of the mode of 
action of the drugs now known to have some beneficial effect. Of the 
some 20 to 30 agents now available for the chemotherapy of cancer 
in man, none provides an enduring cure except for very rare forms of 
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the disease [3]. The proper use of these agents, however, makes it possible E 
to hold the disease in check in many cases and to relieve symptoms 
and prolong useful life. Agents with a much higher degree of selectivity 
need to be developed. Even the most effective agents available today 
are much too toxic to the patient. Either drugs with a lower level of 
toxicity must be found or new methods of administration must be 
devised which either protect the patient from the extreme toxic effects 
of the drugs or which potentiate the effectiveness of a lower non-toxic 
dose of the drug. 

Some progress has been made in the more effective administration 
of known agents. Through use of the surgical techniques known as per- 
fusion and infusion [4], localized portions of the body are treated with 
high doses of a cytotoxic agent while the rest of the body is protected 
by some neutralizing or counteracting chemical. Also, considerable 
progress in combination therapy, that is in the combination of the vari- 
ous mentioned methods, such as an application of chemotherapeutic 
agents after surgery to attempt to remove free-floating cells {3}, and the 
combination use of cancer chemotherapeutic drugs with radiation to re- 
duce more effectively tumor masses has been realized (o). 

It was suggested sometime ago that it might be possible to discover 
special growth stimulants which would cause cancer cells to destroy 
themselves. Although this happy situation has not yet been realized, 
the synergetic response of animal tumors and tumors in man to therapy 
employing either growth factors (corticosteroids) or carcinogens (ure- 
thane) in combination with various anti-tumor agents has been reported 
by several groups of workers in the United States |o, 7, s] as well as 
in other countries [92]. It has been found that several types of compounds 
including known carcinogenic substances ps, 9a], or growth promoting 
agents [9b], are capable of sensitizing tumors to the growth jnhibiting 

.action of certain anti-tumor agents. These observations obviously 
interrelate carcinogens, carcinogenesis and carcinostasis. 

Among the various drugs which have been found useful in the treat- 
ment and palliation of some types of disseminated neoplastic disease in 
man are chemical agents which have been classified as (a) cytotoxic 
agents, (b) anti-metabolites, (c) antibiotics, (d) hormones, (e) alkaloids, 
and miscellaneous compounds for which no basis of action has been 
suggested. It seems unlikely to expect that the mechanism by which these 
widely varying substances bring about their biological actions will prove 
to be precisely the same, unless we mean by ‘‘the same" the fact that a 
reaction between the agent, a metabolite or an induced substance and 
some component of the cell must be taking place when cell growth is 
inhibited. One may immediately decide that there are many modes 
by which this might come about. There has been no shortage of theories 
either to explain earcinogenesis by various types of agents or the car- 
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cinolytic effect (carcinostatic) of the better known anti-tumor drugs. 

It must be admitted that theory has not yet played a very successful 
role in the development of cancer research except as a stimulus to 
further work. The developments which have been made in recent years 
have been based almost entirely upon empirical data. Many of the 
present-day theories are mere restatements of experimental or observa- 
tional findings. The actual mechanism of carcinogenesis is still a matter 
of speculation. At the moment it seems promising to continue the study 
of carcinogenesis with the hope that, finally, an adequate picture will 
emerge which tells us what occurs in tissue and in the cell during abnor- 
mal development and growth. With this information at hand, we may 
then hope better to manage the disease in man. 

The rebirth of interest in carcinogenesis has brought forth a wide 
variety of active agents of greatly different chemical properties. Such 
widely-differing substances as plastic films and metals on the one hand, 
&nd complex organie molecules, such as the biological alkylating agents, 
polycyclic hydrocarbons and polycyclic heterocyclic compounds, are 
known. to initiate cancer. Despite the large variety of factors which may 
be involved in the initiation of cancerous growth, it appears that the 
necessary and sufficient alterations which take place with the genetic 
apparatus of the cells are similar in each case. The particular properties 
of the cancer cell are propagated to each succeeding generation even 
after the inducing agent is no longer present. Apparently, the chemical 
coding ability of the nucleic acid of the cell has been altered [10]. 


Theories of Carcinogenesis 


Several books [1-14] have been written in the last few years which : 


review the numerous theories and hypotheses which have been advanced - - 


to interpret carcinogenesis. In all instances, the authors conclude that 
these are as yet far from adequate. The most hopeful approaches to a 
solution of these problems still seem to lie along rather empirical routes 
such as the further discovery and detailed mechanistic study of agents 
known to take part in either or both the initiation and promotion stages 
of carcinogenesis. 

One continuing approach to such empirical investigations has been 
the synthesis and biological study of new members of several series 
(15, 16, 17] Of large flat molecules known as polycyclic heterocyclic 
compounds which have, in common with polycyclic hydrocarbons, the 
potential biological property of being rather strongly absorbed on 
protein surfaces [18, 19}. However, as has been pointed out previously, 
protein binding is not sufficient to explain carcinogenicity. Many 
compounds react with proteins but are not carcinogenic (i.e., acylating 
agents, dinitrofluorobenzene, etc.). The above-named compounds also 
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inactivate enzymes; however, they are not carcinogenic and they do not 
react with DNA (01. There are many data which indicate that known 
carcinogenic hydrocarbons bind to proteins (18, 19], and although it has 
been widely suggested that these same carcinogenic hydrocarbons bind 
to nucleic acids, there was little information until recently (21, 22, 23) that 
this is actually the case [24]. It has been suggested that a possible funcion 
of a carcinogenic agent with the ability to bind to proteins may be its 
removal (“deletion’’) of a nuclear protein from coordination with DNA, 
thus allowing the DNA to “run wild" and initiate cancer (25). The 
deletion hypothesis said that tumors resulted from the loss or deletion 
of an enzyme system responsible for the control of normal growth, 
possibly because of the combination between the carcinogen and protein. 
An alternative possibility would be the deletion of some repressor 
system [25b]. 

Clayson (26) has suggested that two theories which seem of most 
importance in considering a possible mechanism for chemical carcino- 
genesis are based on: (i) somatic mutation, or (ii) the immunological 
theory of cancer. In spite of the fact that many investigators appear to 
have assumed that carcinogenesis involves as a first step a mutation 
in chromosomal genes in the cell, there is evidence that powerful muta- 
gens are not carcinogens and vice versa. Thus, it seems unnecessary 
to identify any portion of the carcinogenic process with mutation. 
Nevertheless, the change from normal to precancerous tissue during the 
process of initiation must involve a change in heritable features of the 
cell. 

Green [27] considered malignancy to be the result of the loss of specific 
, antigens by the animal. He suggested that the chemical induction 
_ of cancer takes place by two stages: (1) the interaction of the carcinogen 
with the specific antigens and/or other constituents of thé animal 
tissues to form complexes, (2) an immune response by the host to the 
tissue—carcinogen complexes accompanied by the elimination of the 
tissue-specific antigen and the appearance of a neoplastic cell. 

It has been generally found that all chemical carcinogens do combine 
with tissue constituents, i.e., proteins. Kobat [28] has suggested that 
antibodies react with only certain chemical groupings on the antigenic 
substance surface. 

Some experiments [29] have indicated that the action of chemical 
carcinogens in newborn mice do not adequately protect them from later 
chemical carcinogenesis, i.e., no tolerance is acquired; however, see the 
section on tumor growth inhibition by polycyclic compounds and Ref. (0]. 


Indirect Carcinogens 


Some effective agents appear not to be dircct carcinogens. Boyland 
j3ia, b] has found that the aromatic amines, 2-acetamido-fluorene and 
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* 2-naphthylamine, are converted in vivo to the active compounds which 
are probably arylhydroxylamines which have chemical properties 
somewhat similar to the biological alkylating agents which are also 
carcinogenic. It was found {31b) that 2-naphthylhydroxylamine (50 mg/ 
kg.) in arachis oil twice a week for three months, intraperitoneally, 
in 1§ random inbred strains of albino rats induced six abdominal sar- 
comas, three abdominal carcinosarcomas of diverse histological types 
and one lymphosarcoma. An identical dose of 2-naphthylamine induced 
sarcomas in 244 and possibly a salivary gland tumor in 4. These 
results agree with the hypothesis that the 2-naphthylamine and some 
other aromatic amines exert their carcinogenic action after a metabolic 
conversion to hydroxylamine derivatives. 

. The arylhydroxylamines react with sulfhydryl compounds to form 
5-aminophenylderivatives (many carcinogenic substances react with 
sulfhydryl compounds). A few years ago, the Millers and their co- 
workers [32] at Wisconsin showed that N-hydroxylation is an important 
reaction which leads to an active intermediate of carcinogenic amino 
compounds. Ring hydroxylation is the other chief metabolic reaction 
but seems to be a detoxification route. However, this area is still under 
active investigation [33] and the precise details of the mechanism of 
carcinogenesis by the aromatic amines have not been clearly established. 
A somewhat complicating factor is the fact that there are sex-linked 
differences in the metabolism of N-2-fluorenylacetamide by rats (34). 

Boyland {312} also suggests that the carcinogenic hydrocarbons, and 
presumably other polycyclic carcinogens, may be converted by meta- 
bolic processes (i.e., conversion to epoxides by oxygen) to carcinogenic 
derivatives; they may also be oxidized to dicarboxylic acid derivatives . 
leading to combination with proteins and sulfhydryl compounds. These 
latter m&tabolic processes with hydrocarbons, however, are probably 
detoxifications and not involved in the carcinogenic effect whick is’ 
probably initiated by a charge-complex formation of the purine bases 
of DNA with either the hydrocarbon itself or an epoxy or peroxy deriva- 
tive. ] 

Kotin and Falk [5] have studied a large number of organic peroxides 
and epoxides, and have concluded that they have a definite carcinogenic 
and radiometric (DNA chain breaking) effect. This has been pointed out 
in specific instances previously by several groups of workers and various 
members of the class have been known for sometime as effective experi- 
mental anti-tumor agents against transplanted tumors. 


Cancer Forming DNA 


Recently, a group of scientists from the Sloan-Kettering Institute 
for Cancer Research in New York, headed by Bendich, collaborated 
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with Stewart and Eddy of the National Institutes of Health to study 
the nature of the infective and cancer-inducing portion of polyoma 
Virus [36]. 

When polyoma virus was inoculated into tissue culture cells of 
mouse embryo, the virus multiplied and produced the characteristic 
cytopathic changes and released new virus particles. The virus particles 
were isolated from the cell culture fluid and their protein coatings 
stripped off to leave only the bare nucleic acid. This isolated virus 
nucleic acid was then added to a fresh virus-free mouse embryo cell 
culture and again the same cytopathic effects resulted as had been 
observed with the whole virus. The new virus particles developed in this 
latter culture were isolated and inoculated into mice or hamsters to 
produce the disease characteristic of polyoma virus infections. Also, 
when the isolated nucleicacid itself was injected into the animals, polyoma 


TABLE | 
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` tumors developed in a small number of them. The isolated nucleic 
acid was inert to the enzyme RNase but rapidly detoxified by DNase. It 
was thus established that an infective cancer-producing DNA had been 
isolated. Since then, the nucleic acid of the Shope virus has been isolated 
and found to be an infectious DNA. 

These findings are of considerable importance and serve as a verifica- 
tion of the general concept that cancer is associated with a permanent 
change in the cell’s genetic center which is controlled by a deoxyribose 
nucleic acid. Since DNAs from various species differ in details of their 
chemical structures, this is the basis of difference in genetic character 
which leads to variations in the characteristics and functions of different 
types of cells. : 

Thus, it seems inevitable that cancer cells differ from normal cells 
in some specific fashion in the structure of the deoxyribonucleic acid 
genetic center. The malignant powers of these new cancer cells must 
be directly associated with the particular characteristics of this special 
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DNA. Intensive, continuing investigations in this basic area of research 
are strongly indieated. 

In the past, it has been assumed that the chemical carcinogens operate 
by removing the protective protein sheaths from the latent virus, 
releasing the infectious DNA in the cell. Although there is little direct 
evidence, it may well be that the overall transformation induced by the 
chemical agent in a less specific fashion and over a much longer length 
of time is closely related, in part of the process, to that accomplished 
more rapidly by the virus (or its bare DNA). 


Energy Transfer and. Carcinogenesis 


Severalinvestigators have attempted to associate the functioning of the 
carcinogenic polycyclic compounds with an energy transfer between the 
carcinogen and the DNA molecule at the genetic center of the somatic 
cell, leading to a chemical change which results in an altered and malig- 
nant DNA 187). It has been shown by Szent-Gyorgyi and co-workers 138) 
that there is an apparent correlation between carcinogenic activity and 
the ability of some compounds to form charge-transfer complexes with 
moleeular iodine. 

Electron donation and acceptance by carcinogenic compounds has 
been studied by Allison and Nash (394 for polycyclic hydrocarbons, 
steroids, polycyclic heterocyclics and aromatic amines. Charge-transfer 
complex formation with chloranil in acetonitrile and with 1,3,5-trinitro- ` 
benzene in benzene, and electron spin-resonance in complexes with 
tetracyanoethylene were measured and the results found to show a broad 
general correlation (with noticeable discrepancies) between carcino- 
genicity and electron donation and acceptance. 

The simultaneous ability of many carcinogenic compounds to donate ` 
and accept electrons is ascribed to the quinoid or pseudoquinoid character ' 
of resonance for the polycyclic compounds. Steric factors and -the 
stability of the carcinogen under physiological conditions Were also 
suggested as important factors. 

It has been suggested i392, 40, 22; that theory can be related to biologi- 
cal systems by means of a “sandwich” type model wherein the near 
coplanar carcinogen (polycyclic compound) lies between two active 
sites in the metabolic system, one serving as an electron donor, the 
other as an electron acceptor, forming charge-transfer complexes with 
both. Allison and Nash suggest that this might 1394 be expected to 
cause the carcinogen to exert a primary effect on oxidative phosphoryl- 
ation leading to the altered DNA molecule. From a practical standpoint, 
their work 1394) clearly indicated that these tests demonstrating charge- 
transfer with trinitrobenzene and acridine would have found all of 
the major carcinogens studied. However, several non-earcinogens 
would also have been included in the positive group. 
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The Pullmans j39b) have attacked the theory of Allison and Nash , 
[393] and claim to have demonstrated that there is no correlation between 
the electron donating and accepting properties, and carcinogenicity. 
They cite examples of many compounds presenting ideal conditions 
for carcinogenicity according to the Allison and Nash hypothesis which 
are devoid of carcinogenic activity. Allison and Nash (39«j have replied 
by pointing out that the energy coefficient measurements presented 
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by the Pullmans are estimates rather than actual measurements of 
charge-transfer formation. Also, the original theory had taken into 
account the existence of several exceptions. 

Sung 41] has attempted to relate absorption spectra and carcinogen- 
icity. No proven carcinogen was found in 73 compounds with absorption 
spectra below 354.5 my, but 42% of compounds with absorption spectra 
above 354.5 mu (log e > 1) were carcinogenic, and all with à max 
between 354.5 and 368 my were carcinogens. Included in this latter 
group were 3,4-benzpyrene; 3,4,8,9-dibenzpyrene, cholanthrene, 20- 
methyl-cholanthrene, various methylbenzanthracenes and methyl- 
benzacridines. 'The results are thought to be in agreement with previous 
work by this author who demonstrated that, for twenty-eight methyl- 
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e benzacridines, 1344 carcinogenic compounds have AF, below 1132 kcal 
and 114 4 noncarcinogenic compounds have a AE» above this value. 

Wentworth and Becker i23] have investigated a method for determin- 
ing the electron affinities of organic molecules which employs an electron 
capture cell used as a sensitive detector in gas chromatography. They 
have diseussed the relationship between the electron absorption coeffi- 
cient determined in this way and the electron affinity of the molecule. 
The electron affinities and ionization potentials of various aromatic 
hydrocarbons have been correlated feb). The stability of complexes 
formed between methylbenzenes and polycyclic aromatic hydrocarbons 
were found to be proportional to increased electron affinity of the poly- 
cyclic compounds adding further proof to a charge-transfer complex 
interpretation [42c}. It would be interesting to attempt a correlation of 
electron affinities as determined with carcinogenic activity for a suitable 
series of compounds. 

Huggins and Yang 140) studied the ability of a wide variety of car- 
cinogenic and non-carcinogenic substances to induce mammary cancer 
in rats. They came to the conclusion that the molecular dimensions of 
the active polycyclic hydrocarbons had a close resemblance to steroids in 
so far as the planar dimension was concerned but their thickness was less, 
being 3.6A as compared with 5.6À for the non-earcinogenic, non-planar 
steroidal compounds. It was suggested that these thin, flat molecules. 
containing 4 to 5 condensed rings could be expected to interact with 
base-pairs (guanine-cytosine or adenine-thymine) in the Watson-Crick 
model of DNA leading to a modification and carcinogenesis. 

Boyland and Green 21) and Liquori and DeLerma (22) have recently 
reported in vitro reactions between DNA and benzpyrene, dibenzan- 
thracene and pyrene. It is suggested by both groups that the hydro- ` 
carbons dntercalate between base pairs in the DNA molecule. The 
results obtained by the latter group £21, in solubilization experiments of: 
benzpyrene and dibenzanthracene in DNA-water solutions in cortjunction 
with observed changes in U. V. absorption spectra and fluorescence 
spectra of the dissolved benzpyrene, are reported. It is suggested that 
the aromatic molecules become inserted between base pairs in the 
“disordered” stretched sections of the DNA molecule. The nature of 
the sites are not specified but it is strongly suggested that the empty 
spaces between occasional bases, present in very small numbers may 
exist in ‘undenatured’” DNA and may be filled by the aromatic hydro- 
carbons. These may increase on denaturation of DNA, on dilution, or 
on heating. Weak charge-transfer and dipole-induced dipole-dipole 
forces between the polar purine bases and the polarizable aromatic 
molecules may stabilize the complexes. Lerman [24a] used studies of 
sedimentation, low-angle X-ray scattering, flow dichroism, flow- 
polarized fluorescence, and chemical reactivity to obtain evidence 
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for intercalation of acridines between two otherwise sequential base- 
pairs in DNA. The binding is thought to require a local untwisting and 
extension of the double helix. Although intercalation seems to be a 
prerequisite for mutagenicity of the insertion-deletion type, the acridine 
structure is not essential nor are all intercalating molecules found to be 
mutagenic. 

Brookes and Lawley 24b) studied the binding of a variety of tritium- 
labeled hydrocarbons with RNA, DNA and protein in mouse skin. In one 
case, a C14-labeled compound was used. No binding occurs immediately 
after application and maximal binding takes place after 24-48 hours. 
The results of a large number of experiments showed that the partition 
of each individual hydrocarbon between the cellular constituents, 
RNA, DNA and protein gave a consistent pattern which differed for 
the various hydrocarbons in a fashion related to their carcinogenic 
potency as expressed by the Iball index [60). The extent of binding to 
total protein or RNA showed no correlation in this regard but binding 
to DNA showed a significant positive correlation with carcinogenic 
potency. It is suggested by Brookes and Lawley [4e] that DNA is the 
essential cellular receptor of the carcinogens. The nature of the binding 
is not clear but it is suggested that a metabolite of the hydrocarbon 
(i.e., an epoxide) is actually the bound form. 

It seems probable ¢hat many compounds can be expected to form 
charge transfer complexes with DNA which are not carcinogens. The 
important factor may be whether or not the charge transfer complex 
then proceeds to form an addition product with DNA in the case of 
carcinogens. 

Heidelburger [24°] admits that DNA can be shown to bind to aromatic 
' hydrocarbons but claims there is no correlation with carcinogenicity 
' since no localization of radioactivity in the nuclei could be detected 
using CH-containing hydrocarbons. He has shown that the Boyland (211 
and Liquori pe] experiments are probably invalid. Actually, a collodial 
suspension between the hydrocarbon particles and the DNA seems to 
form rather than an intercalated molecular complex. The hydrocarbon 
seems to stabilize the DNA colloid to some extent. Also the Boyland 
DNA was mainly single strand rather than double strand. 


The K-L-M Region Theory of Carcinogenesis 


Although the precise details of the interactions of tissue with carcin- 
ogens at the molecular level are still not known with certainty, consider- 
able progress in this direction has been made since the important 
pioneering work by the French group of workers, reviewed by the Pull- 
mans in 1955 143]. This school developed an electronic theory based 
upon molecular orbital calculations of activation energies to predict 
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which polycyclic hydrocarbon should be the most carcinogenic. They 
concluded that, in carcinogenic molecules, the energy of the phenan- 
threnoid bond, designated as the K (Krebs) region must not exceed a 
certain limit while the activation energy of the anthrenoid or meso (L) 
region of the molecule must exceed another value. 


M 


E 
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It now appears that the statement of the original theory was an 
oversimplification of the complex structural requirements for carcino- 
genesis. Some recent elaborations of this theory, taken in conjunction 
with a consideration of steric factors and the physical properties of the 
molecules, are more encouraging and suggestive of further fundamental 
studies. 

On the basis of new structural variation studies and on previous 
data, the role of the K-region of polycyclic compounds in carcinogenesis 
has been recently reviewed by the Millers (44) and the theory made more 
definitive. For example, while substitution of fluorine in the 5-position 
of 7-methylbenz [a anthracene destroys carcinogenicity, the 6-fluoro de- 
rivative has nearly the same activity as the parent compound. These and 
other data suggest that, of the two K-region positions, availability of 
an unsubstituted 5-position is far more important than a free 6-position. 

In summing up their studies with the angular benzacridines, Lacas- 
sagne and co-workers 117) concluded in 1956: “it now seems certain that 
the greater or lesser carcinogenicity of a molecule is linked to very ` 
slight structural differences, and it is probable that with only 
very refined techniques will there be success in understanding these. 
differences. The important steric effects—which govern the affinity 
of the molecule to its biological carrier—must not be overlooked. These 
effects are clearly demonstrated by the disappearance of carcinogenicity 
when side chains on the hydrocarbon are lengthened (a phenomenon 
which has been pointed out in the angular benzaeridines)" (see p. 367 
of Ref. 17). Thus, eight years ago, the French workers recognized the 
importance of the major parameters involved in carcinogenic activity 
of polycyclic compounds which have recently been restated and elabo- 
rated by new workers entering this field. 

Using the Hammett substituent constant, ec, and a substituent 
constant, r, defined as r = log Px — log Px (Pu is the partition coeffi- 
cient of a parent compound and Px that of a derivative), regression 
analyses have been made of the effect of substituents on the biological 
activity of carcinogenic compounds on mice. The results clearly indicate 
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that the lipo-hydrophilic character of these molecules should be con- 
sidered in attempts to rationalize structure activity relationships. 
Specifically, these studies have led to a simple explanation for the 
inactivity of the large molecules of six or more rings and the higher 
alkyl derivatives of 1,2-benzanthracene. The large inactive molecules 
are generally too lipophilic (larger values of log P) while small inactive 
molecules are not lipophilic enough (low values of log P) Hanceh ‘and 
Fuita t5). They suggest that this parameter is a more fundamental one 
to consider than variations in steric factors or the importance of K and L 
regions in these molecules. 


Chemical Reactivity and Carcinogenicity of Polycyclic Compounds 


In general, both polycyclic aromatic hydrocarbons and heterocyclics 
show a low order of chemical reactivity under laboratory conditions 
of pH and temperature approximating physiological conditions. Thus, 
except for charge-transfer complex formation, discussed previously, 
attempts to relate carcinogenicity of a series to the various members’ 
ability to react with various standard reagents have met with only limited 
success. 

In 1954, Badger (48) suggested that three reagents which add to 
bonds (ie., the K-region) rather than by replacing functional groups 
might prove useful. These reagents were: ozone, diazoacetic acid and 
osmium tetroxide. Badger reported a “very satisfactory correlation" 
between the rate of addition of osmium tetroxide and the bond order at 
the K-region, calculated by the molecular orbital method for a group of 
non-substituted aromatic polycyclic compounds. The agreement was 
very good when the rates of reaction were compared with the Pullmans’ 
electronic index. Thus, there is good agreement between the excess charge 


* at the K-region and the rate of reaction with osmium tetroxide and it is 


thus shown that the osmium tetroxide reaction confirms the relationship 
between ¢he calculated electronic indices for the K-region and the rate 
of reaction with a reagent which attacks this part of the molecule. 

Badger found that both electron repelling (methyl) and electron 
attracting (cyano) groups convert benz(a)anthracene into carcinogenic 
material; one might note that some of the electron-attracting groups may 
engage in H-bonding with centers in DNA. The OsO, results indicated 
that the more carcinogenic materials often reacted the more rapidly with 
OsO,, which in turn reacts with those aromatic hydrocarbons having the 
greater charge at the K-region as calculated by either the valence bond or 
molecular orbital method. 

The ozonization of polycyclic aromatic hydrocarbons has been ex- 
tensively investigated by Moriconi [47] who has shown that ozone can 
react at all three of the reaction sites designated by the Pullmans as 
the K-, L-, and M-regions. Attempts have been made to correlate K-, L-, 
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and M-region activity of both carcinogenic and non-carcinogenic com- 
pounds with the path and mechanism of the ozonolysis reaction. It 
turns out that ozone attacks the potent carcinogens mainly at the L- 
region rather than at the K-region. 

It seems probable that the metabolic reactions likely to be related to 
the course of these ozone reactions are the reactions of detoxification 
rather than the charge-transfer complex formation with tissue constit- 
uents most likely to be responsible for the carcinogenicity in these 
series. 


Tumor Growth Inhibition by Polycyclic Compounds 


Green (7) reported that anthracene-1,2-2' 1'-naphthalene (I) and 11,- 
12-benzfluoranthene (II) had tumor inhibitory properties with a rat 
tumor which had been induced by 1,2-5,6-dibenzanthacene and trans- 
planted through 500 generations. These two compounds, however, 
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(II) 

were ineffective in preventing growth of over 100 spontaneous or 
induced tumors in rats and mice. One cannot be sure that these com- - 
pounds (I) and (II) are actually non-carcinogenic as originally defined 
by Green. Recently Wynder and Hoffman [4s] have reported that com- 
pound (IT) may be weakly carcinogenic. It is certain, however, that these 
two compounds, with tumor inhibiting properties, are much weaker as 
carcinogens than the strong polycyclic hydrocarbon carcinogens. Green. 
[49] finally concluded that no basic difference in mode of action had. 
been demonstrated for tumor inhibition by carcinogenic and non- 
carcinogenic polycyclic hydrocarbons. 

Green [27] has suggested that the tumor-inhibiting Eydie act 
by enhancing the defense mechanism of the host against the trans- 
planted tumors. This idea is supported by the observation that conditions 
which suppress anti-body formation prevent the inhibition of tumors by 
these hydrocarbons; i.e., when high doses of cortisone or charcoal are 
applied at the same site, tumor inhibition is ineffective. Cortisone or 
charcoal is expected to suppress the action of anti-body forming cells. 
More specifically, Green (27) postulates that the tumor-inhibitory hydro- 
carbons act by combining with the host proteins to simulate the iso- 
antigens of a transplanted tumor. The complex of the tumor inhibitor 
and the body protein calls forth an anti-body response from the host; 
these anti-bodies were then thought to react with the iso-antigens of the 
transplanted tumor and led to rejection or at least a reduction in its rate 
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of growth. Since spontaneous or induced tumors develop from the sarhe 
animal, these tumors and their hosts do not show iso-antigenic dif- 
ferences and the polycyclic hydrocarbons, effective in suppressing the 
growth of transplanied tumors, are now ineffective. 

Buu-Hoi {50} has recently reviewed the use of carcinogenic polycyclic 
hydrocarbons; ie., 3,4-benzpyrene, 9,10-dimethyl-1,2-benzanthracene 
and 20-methylcholanthrene, as anti-tumor agents, as well as the use of 
certain non-carcinogenie polycyclic compounds as tumor inhibitors, in- 
cluding such compounds as the angular dibenzophenothiazenes, benzo- 
phenothiazenes and compounds (I) and (II) described above. Buu-Hoi 
i50] has reported that 6-aminochrysene inhibits skin carcinogenesis in- 
duced by 20-methyleholanthrene and spontaneous mammary adeno- 
carcinomas in mice, but it has no effect in chronic lymphatic leukemia or 
Hodgkin's disease. Chrysene itself is apparently not carcinogenic [51] but 
has also been found to show an inhibition effect on the growth of tau- 
tologous (inbred strain) tumors and less of an effect on the growth 
of homologous transplants [52]. 

Dao and Tanaka (30) have reported that a single feeding to rats of an 
effective dose (i.e., 10 mg.) of six different polycyclic aromatic hydro- 
carbons including four carcinogens, 9,10-dimethyl-1,2-benzanthracene 
(DMBA), 20-methylcholanthrene, 3,4-benzpyrene and 1,2-benzan- 
thracene, as well as anthracene and phenanthrene, 48 hours prior to 
* administration of 30 mg. of DMBA, completely inhibited the DMBA- 

induced adrenal necrosis. It took 10 mg. of the carcinogens to afford 
100% protection and 25 and 100 mg., respectively, for the two non- 
carcinogens. It is interesting that the non-necrotizing dose of DMBA 
protects the animal from the necrosis-inducing effect of larger amounts of 
‘the same compound. These studies indicated that the presence of a 
- critical amount of adrenocortical steroids in the adrenal gland was a pre- 
requisite to the induction of necrosis by DMBA. 


Photodynamic Activity and Carcinogenic Action 


As long ago as 1900, Raab [53) found that the time required for various 
dyes to kill paramecia depended on the light intensity. Since then, dyes 
and related substances have been referred to as “sensitizers” in the light- 
catalyzed processes designated as “photodynamic.” This field was sum- 
marized up to 1941 by Blum 154). The chemical reaction which occurs in 
these processes appears to be a photosensitized oxidation by the dis- 
solved oxygen. Doniach and co-workers [55] reported that carcinogenic 
hydrocarbons were 10? to 104 times as active for killing paramecia as the 
dyes which had normally been used as photodynamic sensitizers. 

Koffer and Markert {56} have shown that DNA is degraded photo- 
dynamically by methylcholanthrene and 1,2-benzanthracene. It is thus 
apparent that photodynamic action can degrade macromolecules as does 
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ionizing radiation and the carcinogenic hydrocarbons are unusually ef- 
fective sensitizers for these reactions. Blum [54] has described the process 
by the following steps: 


D + hr > D’ (activation of sensitizer) 
D' + 0, — D + Oy (activation of oxygen) 
©? + X — X (oxidized) (photodynamic reaction) 


where D is the sensitizer and X the substrate (e.g., macromolecule) 
reacting. 

Mottram and Doniach {ssa} reported a rather impressive correlation 
between photodynamic toxicity and carcinogenicity. 

The Doniach test system has been used by Epstein and co-workers 
(57) to study photodynamic toxicity in several series of polycyclic aro- 
matic hydrocarbons and polycyclic heterocyclic compounds with wide 
structural variations. A general correlation between photodynamic 
toxicity and carcinogenicity has been found. The test system was also 
successfully applied to the bioassay of pure samples of 3,4-benzpyrene 
and some other polycyclic carcinogens in the concentration range of 
10-5 — 10- gm/ml (5751. 

The photodynamic response of paramecium to 3,4-benzpyrene ap- 
pears to be oxygen-dependent, and marked protection is afforded by 
anti-oxidants such as oxotocopherol and butylated hydroxy anisole when 
added to the incubation system [s7a). The sensitivity of the response ` 
could also be modified by a variety of other factors such as tryptophan, 
fractions of plasma proteins, non-ionic wetting agents, and inorganic 
salts. No evidence for the involvement of -SH groups or of peroxide 
formation could be demonstrated in the photodynamic process. 3,4- 
benzpyrene, or its presumed water-soluble photodynamically active 
product, was found not to be firmly bound to P. caudatum {574}. Si 

After studying the photodynamic response of 157 carcinogenic and 
non-carcinogenic polycyclic aromatic hydrocarbons and heterocyclic 
compounds, Epstein and co-workers [57e] came to the following general 
conclusions in connection with the relationships between structure, 
carcinogenicity, photodynamic activity and light absorptivity: 


(1) significant absorption of light from the experimental irradiation 
system was shown to be a prerequisite but not sufficient require- 
ment for high photodynamic activity; 

(2) high photodynamic activity is largely confined to 4- and 5-ring 
compounds whether homocyclic or heterocyclic; 

(3) inactivity cannot be ascribed to difficulties in compound solubili- 
zation or celluptake alone; 

(4) a statistically significant association between photodynamic 
activity and carcinogenicity was demonstrated; 
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(5) using a defined threshold, it was shown that compounds with high 
photodynamic activity are likely to be three times as carcinogenic 
as compounds with low activity, but the photodynamic assay can- 
not identify a particular compound as being carcinogenic or non- 
carcinogenic. 


It appears that the preliminary use of the photodynamic assay method 
would select a passing group for which the odds of carcinogenic activity 
would be three times as great as for compounds in the failing group. 

Concerning the effect of structural variations, high photodynamic 
activity, like strong carcinogenicity seems to be limited to compounds 
with 4 or 5 rings. Charge-transfer complex formation may be a common 
factor to both carcinogenicity [37-40] and photodynamic response. Charge 
transfer complex formation with tissue constituents such as DNA ms] 
or proteins (1s) could account for the observation of the critical molecular 
geometrical requirements for the polycyclic compounds both for car- 
cinogenicity [40] and for photodynamic toxicity [57e]. However, Epstein 
and co-workers have now found that there is no direct correlation be- 
tween carcinogenicity of a series of aromatic compounds and their in- 
volvment in forming charge transfer complexes with iodine, chloranil, 
trinitrobenzene or acridine [57f}. 

Photodynamic assay has been applied to the assay of crude organic 
- extracts such as atmospheric pollutants [57e]. This application is based 
[57e] upon the fact that the principal known carcinogen in the atmosphere 
is benzo(a)pyrene, which is strongly photodynamically active, and, 
generally in industrial areas, there is a high correlation between the 
amount of this strong carcinogen and other polycyclic hydrocarbons in 
the air. 

In general it was found that amino groups on the 1-position of pyrene, 
6-position of chrysene (6-aminochrysene inhibits growth of induced 
tumors [50)) and 4-position of fluoranthene markedly increased photo- 
dynamic response of the inactive or slightly active parent compounds. 
Both methyl and especially amino groups on the 6-position of benz(a)- 
pyrene result in à marked decrease in photodynamic activity as when 
these same groups are introduced into the 7-position of benz(a)an- 
thracene. 

Among a series of benz(c)acridines prepared by Cromwell and co- 
workers ps; and tested by Epstein [57e] there is a marked increase in 
activity of the 7,9-dimethyl substituent with successive decreases for the 
5,6-dimethyl, 7,10-dimethyl and 1,4-dimethyl derivatives. 

The 5,6-dimethyl structure shows increased activity with chlorine in 
the 7-position, decreased with chlorine in the 10-position, and decreased 
further with 9- or 11-chloro substituents. It is interesting that, for the 
dimethylbenz(e)acridine series, the carcinogenicity is known to be 
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strong for the 7,9-derivative, generally weak for the 5,6-derivatives, and 
weakest for the 5,6-dimethyl-11-chlorobenz(c)-acridine [58]. The car- 
cinogenicity of the new (59; 7-chloro derivative has not yet been meas- 
ured. 

In contrast with the high photodynamic activity for the 7-chloro-5,6- 
dimethylbenz(c)acridine there is a successive decrease in activity for the 
corfesponding 7-morpholino, 7-phenoxy and 7-acetoxy derivatives [59]. 
This reduction in activity may be assigned to the increased steric require- 
ments for these larger groups. It was also found that the 5,6-dimethyl- 
benz(c)acridone [57] shows no photodynamic activity. 

Another series for which carcinogenicity studies are as yet unavailable 
are the 11H-indeno-quinoxalines uee}. The parent compound shows 
strong photodynamic activity with decreasing activity for the 11- 
hydroxy-li-methyl and 5,10-di-N-oxo-ll-methyl-ll-hydroxy deriva- 
tives, respectively. The 1l-one and 5-N-oxo-ll-one derivatives have a 
similar degree of photodynamic activity to the 11-hydroxy-11-methyl 
derivative. On the basis of these studies, it is seen that a K-region does 
not appear to be necessary for photodynamic activity and linear as well 
as angular compounds are found to be active. It seems of interest to 
study the carcinogenicity of some of the indenoquinoxalines. 

From the in vivo data reported by Epstein {57}, it appears that sig- 
nificant light absorption is a prerequisite but nof sufficient for photo- 
dynamic activity. The exact location of absorption peaks does not ap- * 
pear to be important and fluorescence is inconsequential. 

The work of Rice @3] shows clearly that benzo(a)pyrene forms stable 
addition products with uracil, thymine, cytosine, 5-methyl-cytosine, 
guanine and 6-azothymine upon irradiation with ultraviolet light above 
320 my in aqueous solution at pH 6-7. . 

It is suggested that the general structure of the benzpyrene-pyrimidine * 
adducts are as indicated in structure II. 
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These workers hope to be able to correlate carcinogenic activity of 
various hydrocarbons with their ability to form photo-adducts in 4% 
aqueous sodium dodecyl sulfate solutions. It would seem to be of more 
importance to seek a correlation between carcinogenicity and the dark 
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reaction of a series of carcinogens with these biologically important 
bases. 


Syntheses of New Polycyclic Heterocyclic Compounds of Biological 
Interest 


A working hypothesis for carcinogenesis and carcinostasis to guide 
further research with the polycyclic compounds is based on the following 
multifacet rationale: The carcinogen initiates an infectious DNA through 
a dual interaction with the cell nucleus. The nucleoprotein complexes 
with the polycyclic compound and the DNA is laid bare for further at- 
tack. Intercalation of the large flat polycycles between base pairs in the 
more disordered stretched sections of the DNA chain follows. Such inter- 
calation involves charge-transfer complexation (electron donation and 
acceptance) which would be expected to provide increased stability to 
such disordered sections of the DNA through z-orbital overlap. Such 
specific complex formation might mask part of the nucleic acid chain 
(some of the bases) in the case of compounds with critical steric require- 
ments leading to interference with the replication process for the normal 
DNA and alteration in the assembling of amino acids in the nucleo- 
protein by messenger RNA. Thus, a new cell nucleus emerges. When it 
happens that there is ng controlling immune response available from the 
‘host, uncontrolled growth begins and neoplasia is started which no 
longer requires the presence of the original carcinogen for its propagation. 
It is also possible that the carcinogen plays an important role in the 
suppression of the normal immune response expected from the host to 
deal with appearance of strange cell nuclei. Complex formation between 
the carcinogen and specific antigens might result in their loss by the 
animal at this critical time, allowing for the uncontrolled growth, of the 
abnormal cell. 

Concentration factors are of importance in the related process of car- 
cinogenesis versus carcinostasis; see ref. [30 and 50). Thus, it is suggested 
that chemically induced immunization against certain forms of cancer 
may become a reality. 

During the course of a general program involving the synthesis of 
potential carcinogenic (cancer-forming) and carcinolytic (anti-tumor) 
agents, new methods of synthesis were developed which provide for a wide 
variety of new types of derivatives of the biologically important benz- 
acridines [15] and the less well-known indenoquinolines mea, b), indeno- 
quinoxalines fsa] and the benzophenazines [ea]. The biological interest 
in compounds of this nature may be said to have developed when it was 
discovered in France 17) that benzacridines of the angular type caused 
cancer on the skin of inbred strains of mice when properly applied. 

These new compounds are intended for testing both as carcinogenic 
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and anti-tumor agents, although, as a class, they have been mainly 
recognized in the past as carcinogenic substances. Since most known 
anti-tumor agents have also been found to be carcinogenic in action with 
the proper system, it seemed logical to us that series which have es- 
sentially been known for their carcinogenic action might include some 
examples which would prove to be effective anti-tumor agents. Thus, by 
subtle changes in chemical structure, one might be able to convert a 
series of compounds from essentially carcinogenic substances to mainly 
anti-tumor agents. 
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The relationship between chemical constitution and carcinogenic 
activity (and the related process of carcinostasis) for these several series 
of large flat molecules is becoming clearer and it is hoped that further 
work will provide for the elucidation of these important biological proc- 
esses. 

It seems obvious that, if the organic chemist is to help solve these 
related problems of carcinogenesis and carcinolytic action of various 
agents, he must play a role far broader than merely supplying new agents 
showing these effects. In the years ahead, he must bring to bear upon 
these related problems his understanding of the mechanisms of organic 
reactions to help solve the biological mechanisms of action of carcinogens 
and carcinolytic agents. Such studies will undoubtedly involve in- 
vestigations of immunological problems. Each type of scientist must 
bring to the battlefield those weapons with which he is most competent 
to fight. Literally, thousands of scientists and physicians have con- 
tributed either directly or indirectly to the attack on the cancer problem 
in the last few years. For all these people, there is only one major goal. 
That is, the discovery of fundamental information which will lead to 
the control of human disease. 
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SOME PROBLEMS OF HOMINID 
CLASSIFICATION! 


By D. R. PILBEAM and E. L. SIMONS 


HE EARLY 1950’s were years of controversy in human paleontology; 
To discussion, and sometimes polemic were focused onthe 
relationship to other primates of the genus Australopithecus, primates 
sometimes called near-men or man-apes. These were known mainly, at 
that time, from finds made in the Transvaal, South Africa. Although 
the species of Australopithecus are now considered hominid, many 
students were reluctant at first to accept such a status, believing that 
small brain volume and “imperfect” adaptation to upright posture pre- 
vented their assignment to the Hominidae, the taxonomic family which 
includes living man. Instead, these creatures were regarded as aberrant 
apes. 

Subsequently, it was realized that it is not possible to exclude species 
from the Hominidae on account of small brain size; the ancestors of 
modern man must obviously, at some stage, have had smaller brains. 
The “imperfections” of the Australopithecus pelvis were also overstressed ; 
there is good reason to believe that the species of Australopithecus were 
now habitual and efficignt bipeds. The concept that different functional sys- 
` tems may evolve independently and at varying rates (mosaic evolution), 
has also been assimilated by most anthropologists, and, in addition, it 
is no longer considered reasonable to discriminate taxa on the basis of a 
few characters alone. 

Another sort of misunderstanding derives from one’s reference point 
* in studying hominid evolution. Perhaps we have been looking down the 
* wrong end of the telescope, so to speak, trying to understand the evolu- 
tion of man by looking backward through time “from the vantage point 
of the Recent” (Patterson, 1954). If Homo species evolved from the 
species Australopithecus africanus, as many believe, we should expect 
that these species would have many features in common. Those charac- 
ters in which they differ, however, should be regarded as specializations of 
Homo, not as peculiarities of Australopithecus. One must not ask “How 
Homo-like is Australopithecus?” but rather the opposite. 


Origin of the Hominidae 


Washburn has stated recently that “most of the characters of Homo 
seem to have evolved well within the Pleistocene, and there is no need 
to postulate an early separation of man and ape" (1963: 203). But the 
fossil record, although limited, instead seems to indicate a pre-Pliocene 
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separation. Our Pliocene ancestors evidently were socially and adap- 
tively more like man than great apes. By the early Pleistocene, except in 
the matter of brain-size, man’s relatives (men or near-men) were almost 
` as different morphologically from both living and extinct great apes as 
are men today. Australopithecus in fact resembles Homo far more than 
either resembles the African apes, man’s closest living relatives. 

Ever since the nineteenth-century inception of human paleontology, 
the comparison of early man with living apes, the only other well-known 
hominoids, has been overemphasized. This tendency has led, on the one 
hand, to stressing supposedly ape-like features in late forms of fossil man - 
(Boule’s classic studies of European Neanderthals, for example). On the 
other hand, this has led to surprise whenever “advanced” characteristics 
are found in early forms (for example, the modern looking hominid foot 
from Bed I at Olduvai Gorge, Tanganyika). 

Ramapithecus punjabicus (Fig. 1) is known from the Siwalik Hills of 
North India, from Fort Ternan, Kenya, and possibly from the Swabian 
Alps in Europe (Simons, 1964), appearing first in the latest Miocene. 
This species also occurs in sediments of uncertain age in Keiyuan, Yun- 
nan, China (Simons and Pilbeam, 1965). The known morphology of 
Ramapithecus is discussed in Simons (1961, 1964); it is sufficient here to 
point out that the incisors, canines, and premolars are reduced relative 
to those of known species of dryopithecines and of present-day apes. 
In Ramapithecus, as in. man, internal cingula are abent and molar crowns 
simple. Ramapithecus could have evolved with almost equal probability 
from a dryopithecine, sometime between early and middle Miocene, or 
from species more like the Egyptian Oligocene primate Propliopithecus 
haeckeli. Hominoid species evolving respectively in the direction of 
Homo and of Pan need not have shared a common ancestor Jater than . 
early or middle Miocene times. 

In our'opinion, assignment to Hominidae can reasonably be made for 
all those species that show evolutionary trends toward modegn Homo, 
whenever these trends appear. The evolutionary shift in a major adap- 
tive zone indicated in the case of Ramapithecus by its reduced snout 
and anterior teeth (premolars, canines, and incisors) may well correlate 
with an increased use of the hands and the incipient development of 
bipedality, although direct fossil evidence for both these developments is 
presently lacking. Even if Ramapithecus and Pan had a more recent com- 
mon ancestor than either did with the orangutan, the Hominidae are 
presumably definable in terms of this adaptive shift, as is indicated in 
Figure 2. Moreover, Ramapithecus is presently best regarded as a 
hominid, not a hominid-like pongid, because it already exhibits the basic 
dental adaptations of Homo and Australopithecus. If the other parts of 
the skeleton, subsequently found, should all be ape-like, this position 
could require alteration. But why should this be so? Of course, it is quite 
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possible that, if and when cranial and post-cranial remains of Rama- 
“bithecus are discovered, they will prove to be rather more Dryopithecus- 
like than are those of Australopithecus, because Ramapithecus lies several 
million years closer in time to the common ancestor of apes and men. 
However, the known parts are not ape-like; Ramapithecus cannot logi- 
cally be lumped any longer with the apes. 

Fossil ancestors of the living orangutan of Asia are either unknown or 
unrecognized. Biochemical and serological research underlines the close 
relationship of modern man to the great apes of Africa. This supports 
other, mainly paleontological, evidence suggesting that chimpanzee, 
gorilla, and men are more closely related cladistically, that is, in recency 
of a common ancestor for all (Harrison and Weiner, 1963), than all three 
are to the orangutan. and the Asiatic gibbon. Even if the orangutan and 
the African apes are patristically related, that is, if all are more similar 
in outward (phenotypic or phenetic) morphology than any one of them 
is to Homo, they still could be less similar genetically. However, although 
the ancestral line leading to the orangutan probably differentiated from 
an. early unknown member of the dryopithecine complex before the 
hominids did so, the hominids have differentiated more rapidly and now 
occupy an adaptive niche quite different from that presently filled by 
the African and Asian apes. 


Classification of Hominoidea e 


In eomparison with most other superfamilies, too many distinctions 
of higher taxa have been drawn among hominoids. This is presumably 
because much of the taxonomie work on these categories has been done 
by persons unacquainted with the manner in which higher categories 
have been, or should be, proposed in the light of the new systematics. 
Most mammalogists would probably now prefer to use three basic prin- 
ciples in juStifying the erection or retention of families and subfamilies. 
Briefly, these principles are: (1) the group which is thought to deserve 
such status should have had a considerable time duration as a separate 
Stock, (2) the proposed taxon (a formal unit grouping organisms) should 
show considerable diversity in terms of contained species and genera, 
(3) the category should be characterized by a reasonably thorough-going 
structural distinctiveness shared by its members and not like that of 
related families or subfamilies. Admittedly, criteria of morphological 
distinctiveness are subjective, but materialon which to base such judg- 
ments can be derived from comparative anatomy. For instance, one can 
make an approximate answer to the question: Do members of the 
families of man and apes differ more, or less, in total skeletal and dental 
morphology than do species of other related families within one order, 
such as Canidae and Felidae? 

Because classification should also reflect both the past evolution of 
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given taxa and the morphology and adaptation of the present members of 
such taxa, a compromise must be reached which reflects both cladistic 
and patristic relationships (Fig. 1). Consequently, it is preferable in a 
classification of the superfamily Hominoidea to retain a separate family 
for the genera Ramapithecus, Australopithecus, and Homo, a family sus- 
tained primarily by the morphological features which indicate the adap- 
tive shift to hominid feeding patterns and habitual bipedalism.  * 
Species of orangutan, chimpanzee, and gorilla, together with those of 
Dryopithecus and Gigantopithecus, should be retained in the Pongidae. 
Dryopithecinae can be justified as a separate subfamily. Although two 
further subfamilies, Ponginae and Paninae, could be used, these would 
contain at the most only one or two genera and species, and the distinc- 
tion would not, in our opinion, be particularly meaningful. It is even more 
difficult to justify the division of Hominidae into such subfamilies as 
Australopithecinae, Homininae, Praehomininae, and the like. 


Ecology and Adaptation of Early Hominoids 


Modern pongids and hominids are characterized by relative trunk 
erectness, a feature shared with more “primitive” primate species 
(Schultz, 1961). For example, many prosimians are vertical tree-clingers, 
like Indri, Propithecus, and Tarsius, while the New World monkeys 
Ateles, Lagothrix, and Brachyteles are partial brachiators (Erikson, 
1963). Even the more terrestrial Old World monkeys sit erect while feed- 
ing, grooming, and resting. Avis (1962) has suggested that the hominoid 
superfamily differentiated from other primates by becoming arm-swingers 
confined to a small-branch niche in a forest habitat; in her opinion this 
differentiation occurred as early as the Eocene. This matter of arm- 
swinging raises the largely academic question of what is or is not formal 
“brachiation.” (This form of locomotion requires suspension from alter- 
nate hands, forward movement being produced by pronation of the arm 
and trunk around the fixed hand; propulsive force in such locomotion 
comes entirely from the upper limbs.) Proconsul africanus, for instance, 
is said to have been a “probrachiator”’ (Napier, 1963), and thus in some 
ways similar morphologically to modern colobine monkeys. P. africanus 
does not exhibit the extreme forelimb elongation characteristic of modern 
apes (Napier and Davis, 1959). Does this mean that P. africanus could 
not have "brachiated" in the formal sense? Perhaps so; perhaps not. 
Several genera of New World monkeys move through the trees in this 
manner without showing all the anatomical ‘‘brachiating” specializations 
of the Old World pongids. 

Whether “brachiators” or *probrachiators," Miocene apes and their 
Oligocene ancestors probably showed a high degree of trunk erectness 
and doubtless spent much time walking and running bipedally, either 
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in the trees or on the ground. As Gregory suggested (1928), some brach- 
"lation would probably have been essential for the hominids before 

they could become habitual bipeds. The structure of the human arm, 
. thorax, and abdomen all suggest that, at some stage, our early Tertiary 

forerunners may have, on occasion, moved by armswinging in the trees. 

The idea of the “emancipated forelimb” has been greatly overstressed 
in discussions of hominid tool-using. Hands have been important 
throughout all of primate evolution; the higher primates, in particular, 
use their hands in a wide range of activities such as feeding and grooming. 
The habit of sitting erect, widespread in primates, insures that the hands 
are free for these activities. However, in nonhominid primates the 
hands are typically used in locomotion as well; it is in this respect that 
hominid forelimb “emancipation” becomes important. As Kortlandt 
(1962) and Schultz (1961) have suggested, stone-and branch-throwing in 
defense were probably important in early hominid behavior before tool- 
using became widespread. It is also clear from the dentition of Ramapith- 
ecus that the early hominids could not have fed by stripping vegetable 
material with the canines and incisors as do the African apes; such feed- 
ing behavior requires relatively large front teeth for nipping, tearing, and 
shredding. It is possible, as a consequence of both these factors, that 
hominids were ad hoc tool-users at least by the early Pliocene (Napier, 
1963). Once hominids became committed to a terrestrial way of life and 
some degree of habitual bipedal locomotion, the freeing of their fore- 
limbs would have greatly facilitated tool use. 

The earliest hominids may, of course, have functioned fairly well 
bipedally long before noticeable skeletal alterations increasing the ef- 
ficiency of this manner of locomotion had become genetically fixed. 
Such an hypothesis gains strength from observation of the crude walking 
of the living spider monkey (Ateles), gibbon (Hylobates), and even some 
lemurs (Propithecus). While it can be debated whether this type of pro- 
gression should formally be called bipedal, it certainly cannot be written 
off as quadrupedal movement; none of these primates use the hands 
habitually to support the forebody during locomotion on the ground. 
Despite such tendencies toward bipedal walking, however, none of these 
primates show any man-like skeletal adjustments that make upright 
walking more efficient. 

Selection pressures were doubtless strongly in favor of such trends 
when the hominids were evolving, but the nature of the ecological read- 
justments involved in the origin of the hominid line is likely to remain a 
matter of conjecture. A change in diet also occurred during the course 
of hominid evolution, but, as Schultz (1961) has pointed out, this shift 
has been overstressed. The modern great apes are often described as 
vegetarians, but Schultz suggests that, among the primates, perhaps only 
the colobine monkeys can be termed truly vegetarian. Most of the other 
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primates tend to supplement their diets with animal protein. However, 
Miocene apes probably ate mostly vegetable material just as modern 
baboons, chimpanzees and gorillas do, and the earliest hominids pre- 
sumably had a similar diet. During the Pliocene, the amount of animal 
protein in the hominid diet surely would have increased as scavenging 
and hunting, feeding habits evidently well established by the early 
Pleistocene, became more widespread in hominid populations. As this 
dietary shift brought with it increased calorific values, less time would 
have been required for feeding, and the habit of food-sharing could 
develop. ; 
Bartholomew and Birdsell (1953) have discussed theoretical concepts 
of early hominid ecology and believe that the early hominids were wide- 
ranging, food-sharing, weapon-using omnivores. It has been said that 
“tool-using and tool-making were very probably associated with the 
tendency for early members of the phyletic line leading to man to take 
to a certain amount of meat-eating" (Robinson, 1963a, 393). The reduced 
canines and incisors of Ramapithecus punjabicus suggest that tool-using 
may have been established by the late Miocene, because smaller front 


' teeth require the use of other means to prepare food, either animal or 


vegetable.! Noback and Moskowitz have emphasized that the increasing 
dexterity of the hand seems to have played a major role in the evolution 
of the central nervous system among higher primates, particularly in the 
case of the Hominidae, and this influence may well have been acting in 
Ramapithecus populations. 

Robinson (1962, 1963) has discussed at length the alterations in pelvic 
anatomy and muscle function consequent to erect bipedalism. Un- 
fortunately, no pelves of Miocene or Pliocene dryopithecines are yet 
known. It is generally assumed that the pelves of mid-Tertiary higher 


' primates will prove to be similar to those of modern pongids. In this 


view, the human pelvis is considered to have been derived from an 
ancestraP morphology similar to that of modern apes. It seems more 
likely, however, that some morphological differentiation has occurred 
in the pongid as well as the hominid line. Indeed, such pieces of evidence 
as the hominid-like pelvis of Oreopithecus and the broad ilia of New World 
brachiators, taken together with the considerable probability that early 
pongids were arboreal arm-swingers with erect trunks, suggest that the 
immediate ancestors of the hominids were actually pre-adapted as 
brachiators in terms of behavior, and perhaps to bipedal running and 
walking in terms of anatomy. 

Chimpanzees and gorillas have prognathous, that is, projecting faces; 


Tt may be argued that all three Ramapithecus maxillary specimens are those of 
small-canined females. This is not too likely, but, even if true, it would not alter the 
fact that the premolars and incisors are also smaller relative to molar size than is the 
case in any pongid. 
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their mid-Tertiary ancestors were evidently more orthognathous 
(straight-faced), and it seems that facial lengthening occurred, at least 
in part, as a response to demands of ground living, defensive display and 
vegetarian diet. Baboons and macaques have prognathous faces also. — 
Large teeth and powerful muscles are required in order to chew tough 
plant food. Considerable sexual dimorphism in canine size is shown 
among various species of apes and Old World monkeys and, conse- 
quently, it is probable that (among other factors) elongated canines are 
associated with defensive display behavior. Increased stress on olfaction 
among mainly ground-feeding species such as baboons probably was 
important in the development of the snout. In contrast, colobine mon- 
keys, New World monkeys, and the erect-postured tree-clinging pro- 
simians such as Indri, Propithecus, and Tarsius all have relatively short 
faces and show less sexual dimorphism. Among fossil forms the small 
Miocene species Proconsul africanus (Davis and Napier, 1963) was also 
relatively orthognathous as was Oreopithecus. New evidence secured by. 
the recent Yale expeditions (Simons, 1965) indicates that several of the 
Egyptian Oligocene hominoids were short-faced too. 

Trunk erectness and orthognathism are apparently closely linked. 
Erect posture is associated with changes in orientation of the cranial 
base, typically exemplified by downward rotation of the facial axis on 
the basicranial axis (DuBrul, 1950; DuBrul and paskin, 1961; Biegert, 
1963). Mills (1963) has suggested that the assumption of habitual erect 
posture would cause further flattening of the face. He points out that, 
in primates with large canines, the lower canines pass behind the upper 
incisors during chewing. With facial shortening, the canines no longer 
pass behind, but rather in the plane of, the maxillary incisors. As this 
happens, selection favors reduction of canine crowns. If tool use (and ' 
possible changes in male display behavior as well) had removed the ' 
selective advantage of large canines, canine reduction inevitably would . 
have taken place. i 

Thus, it appears that several anatomical, behavioral, and “cultural”? 
elements—erect posture, orthognathism, changes in diet and display 
behavior, an increasing use of tools and reduction of the anterior denti- 
tion—are here closely linked one to another. Members of the genus 
Ramapithecus have small front teeth and were apparently wide-ranging 
even in the late Miocene; the dental evidence implies that profound 
behavioral, dietary, and locomotor changes had already occurred 
among species of Ramapithecus by this time. The commitment to a 
hominid way of life could conceivably have been made by the late 
Miocene, and our earliest known probable ancestors, with brains per- 
haps comparable in size to those of chimpanzees, might have already 
adopted a way of life distinct from that of their ape contemporaries. 
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Appearance and Speciation of Man 


Near the beginning of the Pleistocene, hominids are represented in the 
fossil record by two or more species of Australopithecus, a small-brained, 
large-jawed form similar dentally to Homo. Post-cranially, Australo- 
pithecus is similar to, although not identical with, later men and evi- 
dently was an habitual biped. Early Pleistocene sites at Olduvai in 
Tanganyika have yielded hominid remains, together with crude stóne 
tools (Leakey, 1959); stone tools of similar type are known from North 
Africa (Biberson, 1963) and the Jordan valley (Stekelis, 1960), and it 
seems likely that, at about the same time, bone tools were being made in 
South Africa (Dart, 1957). Regular tool-making, utilizing bone, stone, 
wood, and perhaps other material too, possibly began more than two 
million years ago. 

It has been suggested by many authors that the transition from tool- 
using to regular tool-making was a step of crucial importance in the 
evolution of man. This may well be true but, like many generalizations 
in anthropology, this one has been oversimplified. As Napier has pointed 
out (1963), tool-making may often have been invented and forgotten in 
the late Tertiary. During Villafranchian time (that is, during earliest 
Pleistocene time), some hominids were doubtless tool-makers while 
others were still only tool-users. Differing environmental demands 
‘would produce different behavioral responses. However, the advantages 
' of regular tool-making are clear and, once invented, the spread of this 
skill would probably have been fairly rapid. 


Speciation in the Hominidae 
Simpson (1961: 90) remarks: 


“Supposedly intergeneric hybridization, usually with sterile offspring, is possible 

` among animals, for instance, in mammals, the artificial crosses Bos X Bison, Equus X 
Asinus, and Ursus X Thalarctos. In my opinion, however, this might better be taken 
as basis for uniting the nominal genera. I would not now give generic rank to Bison, 
Asinus, or Thalarctos.” 


There is considerable evidence that the African and Arabian baboons, 
previously thought to belong to several separate genera, can produce 
. viable hybrids, and may, instead, be classified in perhaps as few as two 
or three species of a single genus. Hybrid studies, by the Russians and 
others, suggest that species of Macaca (the rhesus monkey) and perhaps 
of Cercocebus (the mangabey), too, should be classified as belonging 
instead to the baboon genus Papio. Papio in this sense, can be re- 
garded as a wide-ranging genus with local species populations which 
show variations in morphology, coloring, and behavior. Freedman’s 
metrical work on cranial variation in Papio “species” (1963) lends sup- 
port to this view. Some of the populations may be sibling species, others 
may warrant only subspecifie rank; only interfertility studies can de- 
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termine their validity as genetical species. Among members of Papio, 
greater morphological variability is to be seen among samples of adult 
males than among samples of adult females, particularly in cranial 
features. This, together with pronounced sexual dimorphism, suggests 
that differences in mating and display patterns have selected for a great 
deal of the specific and subspecifie morphological differences. The small 
amount of speciation within the genus is also significant when compared 
with Cercopithecus (guenons) or colobine monkeys, and this is almost 
certainly a direct reflection of Papio's wide-ranging terrestrial way of 
life. Among these primates, there is apparently a rough correlation 
between species range size and the degree of speciation within a genus. 
Highly arboreal primates, such as species of langurs and gibbons, tend 
to have more restricted ranges and tend to be less mobile as groups; 
isolation and speciation become more likely under these cireumstances. 

The earliest hominids probably were at least as wide-ranging and 
mobile as the baboons, and presumably would have been much more so 
by middle and late Pliocene time. As noted already, fossil evidence 
suggests that Ramapithecus punjabicus was already present in East 
Africa, India, China, and possibly Europe, by the early Pliocene; there 
is no reason to suppose that hominids have not been widely dispersed 
since then. Man has capitalized on plasticity rather than becoming 
restricted to narrow morphological and behavioral adaptations. His 
mobility, his ability to occupy a highly diversified ecological niche, and - 
his apparently slow development of isolating mechanisms (Mayr, 
1963: 644) all tend to reduce speciation. It is à reasonable working 
hypothesis, therefore, that not more than one genus, and perhaps no 
more than one or two species of hominid, has existed at any particular 
time. Like most other mammals, man is polytypic; that is, a number of» 
races are found within the species. We should expect fossil hominid - 
Species populations to be polytypic too. 

Taxonomy of Australopithecus ° 

Before the student can erect new fossil genera and species he must 
demonstrate that the new proposed taxon differs significantly from 
previously described taxa in a number of particular characters. Thus, 
any diagnosis should take full account of known variability in living 
related species and genera. Different specific and generic names also 
imply certain other differences. If two individual fossils or fossil popula- 
tions have different specific names, this implies that they could not 
have been members of a single freely interbreeding population; this, 
in turn, requires a period of reproductive and probably geographic 
isolation. Different generic names, in their turn, generally imply that 
the taxa concerned were completely incompatible genetically; to develop 
such incompatibility would require a long period of isolation. As we 


. 
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have already noted, however, such isolation would probably have been 
an unusual event during the course of hominid evolution. 

Early Pleistocene hominids are known from a number of African 
localities. The first to be described and discussed was Australopithecus 
africanus from South Africa. It is now fairly generally agreed that two 
species of this genus are known: A. africanus (Fig. 1) from Villafranchian 
deposits at Taung, Sterkfontein, and Makapansgat, and A. robustus, 
from possibly latest early Pleistocene and middle Pleistocene deposits 
at Kromdraai and Swartkrans (Robinson, 1963). Another form, “Telan- 
thropus capensis” (Fig. 1) has been recovered from Swartkrans; its 
status is equivocal and will be discussed later. Robinson (1963a) dis- 
cussed these australopithecine forms at length, pointing out that A. 
africanus is, in his opinion, closer to the ancestry of later men than is 
A. robustus. 

Definite or probable australopithecines have been reported also from 
Java, North Africa, Israel, and East Africa. Meganthropus palaeo- 
javanicus—represented by finds from the Djetis beds of Java—is said 
by Robinson to be closely similar to the African form A. robustus. Al- 
though Clark (1955, 86) considers the Java specimen’s generic separation 
from another hominid form, Homo erectus (Fig. 1), unjustified in view of 
the fragmentary nature of the material, the fact is that these jaw frag- 
ments do not provide enough information to allow students to draw 
species distinctions between the Javan and African material. 

Coppens (1962) has reported the recovery of an australopithecine 
skull from Koro-Toro, near Lake Chad south of the Sahara. The as- 
sociated fauna suggests an early Villafranchian age. Arambourg (1963: 
564) states that this fossil is intermediate in morphology between A. 
africanus and A. robustus but with perhaps a greater cranial capacity. 


- Robinson (1963b: 601) considers it closer to A. robustus. No pebble tools 


are associated, although they are present in later Villafranchian deposits 
of North Africa (Biberson, 1963). “Meganthropus africanus” from the 
Laetolil beds of early Pleistocene age near Lake Eyassi in East Africa 
has been referred to Australopithecus by Robinson (1955). In addition 
Stekelis (1960) has discovered fragmentary hominid remains of early or 
middle Pleistocene age associated with a pebble tool culture at Ubeidiya 
in the Central Jordan valley. 

Finally, Leakey has recently described a number of hominid finds in 
deposits of early and middle Pleistocene age at Olduvai Gorge, Tangan- 
yika (Leakey, 1959, 1961, and Leakey, Tobias, and Napier, 1964). 
Two distinct species have been recognized and described, Austral- 
opithecus (= Zinjanthropus) “boisei” from Bed I at Olduvai and from 
possibly middle Pleistocene deposits near Lake Natron, Tanganyika, 


invalid or doubtful taxonomic terms are indicated here in quotes on initial citation 
only. 
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and “Homo habilis" (type, hominid £7) from Bed I and other specimens 
from Bed II at Olduvai. A. boisei is bigger and more robust than H. 
habilis (see Fig. 1) and has larger molars and premolars; we believe that 
it cannot be distinguished at the specific level from A. robustus. 

The hominid sites from Bed I have been dated by the potassium- 
argon method (Leakey, Curtis, and Evernden, 1961), the three sites 
FLX I, FLKNN I, and MK falling between 1.57 and 1.89 million years. 
The Bed II hominids from FLK II, VEK IV, and MNK II are younger 
than 1.02 million years, the youngest date for the top of Bed I, and older 
than 0.49 million years, the date of a post-Chellean II tuff in Bed II 
(Hay, 1963). The Homo habilis material therefore falls into two groups, 
separated by perhaps as much as one million years. Once again, during 
the period of deposition of the lower parts of Bed II, two distinct taxa, 
appear to have been present, H. habilis at Olduvai and A. boisei at 
Lake Natron. 

Altogether, then, some half dozen supposedly distinct taxa (both 
genera and species) have been proposed for early and early Middle 
Pleistocene hominids; several of these are based on the most fragmentary 
and limited material. Schultz has repeatedly stressed the very high level 
of morphological variability among species of the Hominoidea (see 
bibliographies in Schultz, 1961 and 1963). Nevertheless, small and 
taxonomically trivial differences in dental, cranial, and posteranial 
anatomy have still been used to establish or justify specific or generic 
distinctions among the earlier Pleistocene hominids. What follows is an 
attempt to bring some taxonomic order to this situation. 

At present, A. robustus is known from South Africa (Swartkrans, 
Kromdraai), Olduvai Bed I, Lake Natron, and possibly Java. The other 
African forms of roughly equivalent age have been referred to three . 
taxa, A. africanus, Telanthropus capensis, and Homo habilis. The relative . 
dating of the North, East, and South African sites presents a number of 
problems. Faunally, there are few mammal species as they are presently 
defined common to all three sites, and those which are common are often 
unsuitable for purposes of correlation. Cooke (1963) has discussed this 
problem at length. He believes that the South African sites which have 
yielded A. africanus are broadly contemporaneous with the later Bed I 
levels at Olduvai. However, he points out that: 

“Although ecological differences prevent too close a comparison, the faunas suggest 
strongly that the sequence in East Africa from the Kaiso and the Kanam levels 
through Omo and Laetolil to Bed I corresponds fairly closely in time to the sequence 
Sterkfontein and Makapansgat to Swartkrans and Kromdraai. Although the evidence 
is extremely tenuous, the Villafranchian (equivalent) fauna of North Africa could 
well be contemporary with these East Afrian deposits and the ape-man breccias. 
The oceurrence of pebble tools in similar relationships in all three areas may be 
significant and if the North African beds are truly pre-Cromerian as has been sug- 
gested by several authorities this would provide additional grounds for keeping at _ 


least the major part of the ape-man deposits within the Villafranchian." (Cooke, 
1964: 104) 
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Biberson (1963) considers the Koro-Toro site at Lake Chad contem- 
porary with Kaiso and Kanam in East Africa, and, if this is so, the Chad 
hominid could well be the oldest Australopithecus known. Telanthropus 
capensis from Swartkrans is probably the same age as Homo habilis from 
Olduvai Bed II, while A. africanus from Taung, Sterkfontein and 
Makapansgat and Bed I H. habilis are possibly of approximately equiva- 
lent age. 7 


The New East African Hominids and the South African Australopithecines 


Known Homo habilis material, as already noted, falls into two main 
groups separated by perhaps as much as a million years. The type speci- 
men of H. habilis consists of a juvenile mandible, two parietal fragments, 
a hand and an upper molar. A foot and clavicle belonging to an older 
individual (or individuals—associations of all Olduvai individuals are 
certainly not clear) have been recovered from the same site (FLIXNN I). 
Two other sites in Bed I have yielded teeth, mandibular and skull frag- 
ments, and a tibia and fibula belonging either to H. habilis or to Austral- 
opithecus (Zinjanthropus) boisei. Among remains from Bed II are: a 
complete mandible (with associated maxillae) together with the oc- 
cipitals and broken parietals and temporals of possibly the same in- 
dividual, cranial fragments, isolated teeth, and a damaged palate. Al- 
though there is insufficient material from which firm inferences can be 
drawn, the sequence through Bed I to Bed II suggests that teeth and 
mandibles became progressively reduced during this time, while there 
was little alteration in cranial capacity. (This seemingly unchanging 
brain size may correlate with the presence throughout the section of 
similar crude pebble tools, or the two faunas may be closer in time than 
: K/A-dated horizons appear to indicate.) The juvenile mandible and 
* teeth from FLKNN I in Bed I are some 10 per cent greater in all meas- 
urements than the mandible from MNK II in Bed II. Such a small 
number «f mandibles cannot, of course, be regarded as necessarily 
typical of the populations from which they come, but it is possible that, 
during this period, jaws and teeth became reduced while cranial capacity 
remained fairly constant. 

A large number of A. africanus specimens have been described. Be- 
cause this taxon is known so well, some have tended to think typo- 
logically in terms of an ‘‘australopithecine stage" of human evolution 
during which all hominids would have been morphologically similar to 
these South African forms. However, if the hominids evolved in the main 
as a single, widespread, polytypic species, the Transvaal A. africanus 
more likely represerits a sample, drawn from a time segment of unknown 
length, of a peripheral and perhaps aberrant race of this species (Mayr, 
1963: 640). We should not expect contemporaneous or near contem- 
poraneous races within this same species to be morphologically identical 


250 AMERICAN SCIENTIST 


with, or even quite similar to, the South African A. africanus. A large 
number of fossil specimens, say, from a restricted geographic area and 
from a relatively small segment of time, may well resemble each other 
more than any one of them resembles a small sample of the same species 
from a different part of the geographic range and from an earlier or later 
time. In such a case, however, we must be careful not to regard the 
large sample as morphologically “typical” of the species. By so doing, 
we would prevent correct assignment of other specimens of the same 
taxon. Morphological differences between specimens due to age and sex 
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Fia. 2. Diagram showing relative closeness of phylogenetic relationships of living 
hominoids and their radiation into adaptive-structural-funttional zones, from Simp- 
son (1963). 


differences and to geographic and temporal separation, as well as racial 
variation, must be carefully considered. In erecting new taxa, it is 
necessary for the discoverer to demonstrate that the new finds are 

significantly different from previously defined taxa. " 

Thus,*when we consider the hominids from Lake Chad and Olduvai ` 
Bed I we must ask ourselves, could these represent taxa which are: al~ 
ready known? A. africanus and H. habilis were both habitudl bipeds. 
Unfortunately, we have pelves of the former but not of the latter, 
whereas we know the foot of the latter but not of the former. It is possible 
that the H. habilis foot from Olduvai Bed I is no more nor less Homo-like 
than is the pelvis of A. africanus from S. Africa. 

The parietal bones from Olduvai FLKNN I have been reconstructed 
by Tobias (1964) to indicate a cranial capacity of between 642—724 cc. 
This volume estimate must be regarded with great caution because of the 
fragmentary nature of the specimen.! Tobias (1963) gives the australo- 
pithecine range of cranial capacity as 485—600 cc., this being lower than 
his estimates for this skull of Homo habilis. However, there seems to be no 

1The slightest mis-setting of the two bones at the midline, for instance if flared 


too much laterally, would markedly increase the brain volume estimate for this 
individual. 
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good reason for separating early species of the genera Australopithecus 
and Homo on grounds of differences in cranial volume. None of the 
erania from the Transvaal breccias or from Olduvai Beds I and II 
indicate volumes outside the range now known among the single species 
of living gorilla, and all these crania are distinctly smaller than those of 
Homo erectus. 

The teeth and mandible of H. habilis from Olduvai Bed I FLKNN I 
do not differ greatly from specimens of A. africanus (Fig. 2 and Dart, 
1962: 268, Fig. 7) in shape or morphology. The molars are similar in size 
and shape to those of A. africanus from Sterkfontein (Robinson, 1956). 
The premolars of H. habilis are somewhat narrower than those of the 
South African forms; but shape, as well as size, of teeth is known to vary 
greatly in all modern primates, including man, and this seems to be a 
relatively unimportant character on which to base generic and specific 
separation of the two forms. Unfortunately, some of the Olduvai speci- 
mens are crushed and broken and this limits our ability to make com- 
parisons. Collection of further hominids from the Olduvai beds is thus 
of the greatest importance; recovery of a more adequate sample should 
enable students to assess the range of variability within the local popula- 
tion represented at Olduvai, and would allow comparisons of this 
population with others of approximately equivalent age. H. habilis and 
A. africanus may represent nothing more than two variant populations 
+ within the same widespread species, but this hypothesis can only be 

verified or rejected when more information becomes available. 

The validity of Homo habilis, as any new fossil taxon, depends on the 
reality and the plausibility of its diagnosis. As Campbell states (1964, 
451): 

” “Tt is here that the hypothesis of the new species must stand or fall; . . . The diagnosis 

* must support the hypothesis for the species to stand, not in law, but i in reality. . 
(Many examples of this state of affairs could be quoted. The most topical, and one of 
the rhost important, concerns the creation of the taxon Homo habilis. In their original 
publieation*the authors stated that T'elanthropus capensis '*may well prove, on closer 
comparative investigation, to belong to Homo habilis" ; thus the effective demonstra- 


tion of a novel taxon was negated. The name is valid, but the species has not been 
effectively shown to have existed, as a distinct taxon.) 


Telanthropus capensis from Swartkrans is probably broadly contem- 
poraneous with Bed II Homo habilis. In spite of its fragmentary na- 
ture, some general remarks can be made about Telanthropus. The teeth 
are smaller than those of A. africanus, although cusp patterns are similar. 
The mandible is smaller, too, and is said by Robinson (1961) to be 
reminiscent of other African and Asian hominids of Middle Pleistocene 
date. This is to be expected for a form transitional in time between the 
early Pleistocene hominids and middle Pleistocene Homo erectus. It is 
probable that Bed II H. habilis and Telanthropus capensis represent two 
populations of a single species or subspecies, but, once again, further 
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material will be required before firm conclusions can be drawn. Both are 
similar to the mandible of H. erectus from the Djetis beds in Java (so- 
called “‘Pithecanthropus B"). 

The primitive stone tools associated with Homo habilis throughout 
Bed I and the lower part of Bed II are evidently of uniform type for 
what may be a very long period of time; this is perhaps correlated with 
thé equally protracted apparent stability of cranial capacity. Tools of 
similar type are found in Morocco (Biberson, 1963) and at Ubeidiya 
(Stekelis, 1961). It should be noted that the early Pleistocene hominid 
from Chad, found unassociated with tools, has a cranial capacity of the 
order of that of both H. habilis and A. africanus. Regular tool-making, 
as we noted earlier, seems to have been invented during the early Pleisto- 
cene, perhaps in Africa, at a time when hominids had already become 
efficient bipeds. Dates from Olduvai suggest the possibility that a full 











STRUCTURE 


Fie. 3. An attempt to represent Pleistocene hominids as a single genetic continuum, . 
evolving through time. Modified from Simpson (1963). 
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million years passed after theinvention and spread to tool-making during 
which cranial capacity—and presumably manual dexterity, "intelli- 
gence,” and hunting skill—remained fairly constant. Some time roughly 
between one million and five hundred thousand years ago, human brain 
size increased by more than 50 per cent. Also, during this period, the 
change from simple pebble chopping tools to hand-axes of Chellean type 
apparently took place. Elaboration of tool types and expansion in brain 
size were probably interrelated, and both, perhaps, were associated with 
the final anatomical perfection of hand structure. Napier (1962) has 
suggested that the hand of Homo habilis was not as refined structurally 
and functionally as that of later men. Undoubtedly, limits of both mental 
ability and hand anatomy affected the form of tools. 

The earliest Pleistocene appearance of tool-making, then, seems to 
have heralded no immediate anatomical changes in the hominid line. 
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Cranial capacity, in particular, remained constant. Jaws, teeth, and 
faces became reduced during the era of crude pebble tools, but exactly ° 
why this was so remains conjectural. Anthropologists have frequently 
suggested that the appearance of tool-making was causally related to the 
expansion of the brain. There was never any fossil evidence to support 
this view, and now we have some evidence to the contrary. Increase in 
brain size evidently lagged behind the regular making of tools. This skill 
had altered the lives of early Pleistocene hominids; apparently it did not 
immediately alter their morphology. 


Taxonomy of Early African Hominids 


We have concluded that A. africanus and Bed I Homo habilis may not 
be specifically distinct and also that the bulk of Bed II materials and 
Telanthropus may be specifically identical. Telanthropus itself is re- 
garded by many students as an invalid genus which should be referred 
either to Homo or to Australopithecus. If referred to Homo the trivial 
name capensis can no longer be used, since this has already been applied 
to a Late Paleolithic skull from Boskop (for further discussion of this 
point see Oakley and Campbell, 1964). If the Olduvai Bed I and Bed II 
Homo habilis material is regarded as belonging to a single taxon, it is 
not unreasonable also to include therein A. africanus and the Telan- 
thropus material fron» South Africa. This taxon would extend over a very 
considerable time period; in fact it would be more than twice as long as 
the time covered by H. erectus and H. sapiens combined. Some hominid 
evolutionary change, particularly trends towards orthognathism and 
reduced dentition, occurred during this considerable span of time, al- 

though the amount of variation within the taxon is probably not greater 
' than that observed in modern mammal species (including man). 

If all early Pleistocene hominids ancestral to later men areeregarded 
as members of the genus Homo, as the proposal of H. habilis by Leakey, 
Tobias, and Napier suggests, the prior binomial for this taxon would be 
Homo africanus. The evolution of early Pleistocene hominids, first to 
Homo erectus, and finally to Homo sapiens, can be shown diagram- 
matically in Fig. 3 (modified from Simpson 1963, Fig. 3c), which shows a 
single hominid species evolving through time. A, B, and C are hypo- 
thetical contemporaneous individuals, C being more ‘‘modern” than B, 
B more so than A. Simpson (1963: 14) suggests as a possibility that: 


't , . there is only one lineage or evolutionary species and only one genetical species at 
any one time. In that case, the species would have been highly variable, and even more 
so during much of past time than Homo sapiens is at present. At some time around the 
middle Pleistocene it might have varied all the way from what in purely morphological 
(or typological) terms could be called marginal australopithecoid through pithecan- 
thropoid to marginal neanderthaloid. Such variation would be improbable within a 
single deme or local population. It would be less improbable among geographically 
separate “allopatric” populations or subspecies. Such geographic semi-isolates would 
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of course be variable in themselves, but some might, for instance, vary about a more 
australopithecoid modal morphology and others about a more neanderthaloid mode. 
Discovery that fossil hominids fall into such modally distinct, synchronous but allo- 
patric groups would favor this interpretation. Whether current data do or do not tend 
to follow such a pattern I leave to the specialists in such matters.” 


We prefer to accept Simpson’s model for the moment. 

A, B, and C of Figure 3 are contemporaneous at time T and are mem- 
bers of a single species. However, typologically A and B might be placed 
in one species a while C is referred to species 8. The paradox is imagined 
rather than real, because the taxa o and £, and the taxon ô are of different 
types. If the hominids have evolved as a single unitary species, 6 will 
represent a sample of the genetical species which existed at time T. 
a, B, and y are morphospecies, species “established by morphological 
similarity regardless of other considerations" (Simpson, 1961, 155). 
The problem here is largely one of definition and should not be over- 
stressed. Nevertheless, this model will be useful in dealing with problems 
which will appear should “undoubted” (morphological) Homo be found 
contemporaneous with “undoubted” (morphological) Australopithecus. 

Both Australopithecus africanus and A. robustus are bipeds, both have 
greatly reduced canines and incisors, both almost certainly would have 
been tool-users, and both probably made tools. If tool-making spread by 
copying within one species of small-brained hominids, it would pre- 
sumably have been copied by any other species of equally small-brained 
hominids living in the same area. 

Australopithecus robustus is said by Robinson (1961) to have been a 
vegetarian because of its massive premolars and molars. A. robustus 
specimens from Olduvai and Natron exhibit pronounced wear patterns 
on both upper and lower molars. Such wear patterns are found in certain 
Australian aboriginal tribes that eat roots and other vegetable material ' 
together with large quantities of sand and grit. In contrast, Homo habilis 
has wear patterns similar to those of meat-eating African tribes such: as 
the Masai (Leakey, personal communication). A. robustus is said to have 
been a vegetarian and A. africanus (Robinson, 1963) and H. habilis 
more exclusively meat-eaters. Although the A. robustus wear patterns 
suggest that gritty vegetable material constituted a large part of the 
diet, they do not, however, enable us to state categorically that A. 
robustus did not eat meat. Nor are we entitled to assume that A. robustus 
and A. africanus were at all times vegetarians or omnivores respectively ; 
diet can vary greatly (within contemporary Homo sapiens groups for 
example), and presumably changes with time too. Hominids were suc- 
cessful because they were behaviorally plastic and adaptable; we must 
take great care before we place ecological limitations on fossil hominids 
known only in relatively poor detail. 

In summary, Australopithecus robustus, like Ramapithecus punjabicus, 
Homo habilis and A. africanus, has small canines and incisors. This 
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implies that A. robustus prepared its food, presumably with tools, and 
there is no reason to suppose that it could not have eaten prepared 
animal as well as prepared vegetable food. The diet of modern “‘primi- 
tive" men is varied; could not earlier hominids have been similarly 
omnivorous? A. robustus and H. habilis were evidently co-existent in the 
same general areas for perhaps a million years, if the new dates and 
stratigraphic-faunal data of Leakey are right. They were, therefore, 
sympatric species, that is, species occupying the same geographic area. 
Both were bipeds, both were presumably tool-users and probably tool- 
makers; their diets might well have been similar at times. As mentioned 
earlier, there are theoretical difficulties involved in preparing a model of 
hominid speciation. If we are to distinguish these taxa at a specific 
level, we need to know far more about geographical barriers during the 
Pliocene and Pleistocene. Comparative study of closely related pairs of 
animal species indicates that they must have separate origins in different 
geographic areas, that is, they must originally be allopatric (Kohn and 
Orians, 1962). Perhaps.one species of hominid evolved in Africa and one 
in Asia only to mingle at the beginning of the Pleistocene when land 
connections between Eurasia and Africa presumably became reestab- 
lished. The picture as to the number of Australopithecus species really 
indicated: by known material is still obscure and the available evidence 
can be interpreted in a number of ways. 


. Post-Villafr anchian Morphological Changes 


The Pliocene was probably a time of great morphological change in 
hominid, evolution. Locomotor adaptations were being improved and, 
-by middle Pleistocene time at least, the skeletons of hominids were 
- essentially like those of modern man even though the skulls were not. 
Throughout this time, hominids were getting larger; this size Increase 
was probably associated with increased speed and efficiency in running 
and walking. Brain size increased in consequence. Some relative increase 
in brain size also occurred during the early Pleistocene, although the 
time and extent of this expansion is difficult to assess. The changes in 
cerebrum and cerebellum which must have taken place are still not 
satisfactorily documented, nor are the selection pressures that produced 
them fully understood. These problems are discussed by Garn (1963: 
232), who says that: 


“human brain size did increase, either because brainier individuals were at an adap- 
tive advantage, or because groups with larger brains survived and groups with smaller 
brains did not. It gratifies our ego to believe that selection favored intelligence, that 
our own-ancestral lines came to genetic fulfillment because they were so very smart. 
But it may be that our vaunted intelligence is merely an indirect product of the kind 
of brain that can discern meaningful signals in a complex social content generating a 
heavy static of informational or, rather, misinformational noise." 


i 
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Ryle (1949) has discussed "intelligence" and “intellect”? from the 
philosopher's viewpoint. He states (p. 26) that: 
“, . , both philosophers and laymen tend to treat intellectual operations as the core of 
mental conduct; that is to say, they tend to define all other mental-conduct concepts 
in terms of concepts of cognition. They suppose that the primary exercise of minds 
consists in finding the answer to questions and that their other occupations are merely 
applications of considered truths or even regrettable distractions from their considera- 
tión. . . (However) there are many activities which directly display qualities of mind, 
yet are neither themselves intellectual operations nor yet effects of intellectual 
operations." 


Brains expanded as the cultural environment became more and more 
complex, and larger brains enabled more complex cultures to develop. 
The actions which we choose, arbitrarily, to term "intelligent," that is 
those involving theorizing and the manipulation of true propositions or 
facts, form merely one aspect of our responses to a complex environment. 

An increase in adult brain size involves a larger fetal and infantile 
brain and a prolonged growth period, two of the important trends in 
higher primate evolution noted by Schultz (1961). Bigger fetal brains 
require larger maternal pelves, and it is possible that the structural re- 
finements in the hominid pelvis which have evolved since the Villa- 
franchian are, to a large extent, due to the problems posed by the birth 
of large-brained offspring. During middle Pleistocene times, the brain 
increased in size with consequent remodeling of the cranial vault (Moss 
and Young, 1960). The facial skeleton and the “teeth became reduced, : 
presumably because of further refinements in food preparation and 
tool-making (Dahlberg, 1963). Changes in relative size of the brain-case 
and the jaws and related muscles produced changes in shape and size of 
the cranium, and in size and form of the supra-orbital ridges. By the late 
middle Pleistocene, the brain had probably reached approximately its 
present-day volume, and the morphological evolution of the Hominidae. 
was almost complete. 


Conclusions 


Earliest hominids known to date are recognizable, in the form of 
Ramapithecus punjabicus, in the late Miocene. This sets back the 
differentiation of hominids from pongids to the early Miocene or earlier. 
Circumstantial rather than direct evidence suggests that R. punjabicus 
could have been a tool-using animal and, at least, a partial biped. It was 
widespread throughout the Old World apparently because of the great 
mobility in range extension afforded by ground dwelling and/or bi- 
pedalism. These factors would have reduced tendencies towards specia- 
tion among early Hominidae. Known geographic distribution of Rama- 
pithecus (East Africa, India, China) shows that hominids hayé' been 
wide-ranging, as they are now, at least since late Miocene time. ' 

The early Pleistocene hominids can be classified in no more than two 
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species; one of these, Australopithecus (or perhaps Homo) africanus, 
found in South, East and North Africa, probably inhabited other regions 
too. The evolution of this species saw the final perfection of the foot and 
pelvis for habitual bipedal walking, the invention and spread to tool- 
making and the development of associated refinements in the hand, and 
finally, late in its history, the rapid expansion of the brain. Homo erectus, 
found throughout the Old World during much of the middle Pleistocene 
(from 500,000 or 600,000 years ago on), is barely distinguishable tax- 
onomically from Homo sapiens. 
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LIQUEFIED NATURAL GAS—A NEW SOURCE 
OF ENERGY: 


PART I, SHIP TRANSPORTATION 


° By C. M. SLIEPCEVICH 


HE POPULATION explosion accompanied by an ever rising standard of 
living is dramatically reflected in the world’s gigantic demand for 
more energy. As aptly stated by Schurr tu: 

“Modern man has made himself largely by burning fuel. The supply of fuel appears 

to be almost inexhaustible, and a high level of fuel consumption is not a prerequisite 

of development but a result of it.” 

Sporn g] emphasizes that the availability of energy does not guarantee 
industrial development; rather the capacity to consume energy, not to 
produce it, is the factor. Sporn's point is directed toward misconception 
by world leaders following the 1955 Geneva Conference on the Peaceful 
Use of the Atom. They believed that the advent of the atom as an energy 
source would not only provide a cheap, inexhaustible source of energy, 
but it would also convert overnight even the most underdeveloped coun- 
tries into an economy and civilization comparable to the United States 
and Western Europe. What they failed to recognize was that the mere 
presence of available energy could accomplish little without the capital 
equipment to utilize it. 

Man's social, economic, and technical progress can be measured by his 
progress in utilizing energy effectively (sj. The United States serves as a 
vivid example, with only 6% of the world’s population it consumes about 
35% of the world’s commercial (excluding wood, animal power, etc.) 
energy; whereas India with about 15% of the world’s population used 
only 1.5%. A study of our annual energy consumption reveals, the eco~ 
nomic and technical history of the United States as it emerged from an 
agricultural economy during the colonial period to the present age of 
spectacular industrial growth [41]. 

As late as 1880, wood was our major source of energy, but, by 1890, coal 
was supplying as much energy as wood. With the growth of electricity, 
coal quickly replaced wood and, by 1910, was accounting for 75% of 
the energy. Coal consumption peaked in 1918 but, with the advent of the 
automobile, liquid petroleum products began to rise rapidly in prom- 
inenee.. Following World War II, as a result of the development of 
welded, seamless pipe which made long distance gas transmission lines 
feasible, combined with an enormous upsurge in new residential housing, 

* A Sigma Xi-RESA National Lecture, April 1962. 
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natural gas further depressed the position of coal in the world’s energy » 
picture. The growth in energy consumption and the shift in distribution 
of energy sources over the past three decades are summarized in Table 1. 








TABLE 1 
CHANGES IN ENERGY CONSUMPTION BETWEEN 1929-1960! 
World. -—United States— 
1929 1960 1929 1960 
Total consumption in 
million metric tons 
of hard coal equivalents? 1711 4285 777 1448 
Distribution in per cent 
Solid fuel 79.8 52.3 67.9 24.6 
Liquid fuel 14.9 31.1 22.3 40.8 
Natural gas 4.5 14.6 9.3 38.3 
Hydroelectric 0.8 2.0 0.5 1.3 


1 Sci. Am., September 1963, 114. 
2 The thermal value of all energy sources is converted to equivalents of hard coal. 


It will be noted from Table 1 that natural gas experienced the greatest 
rate of growth, 350%; most of it has occurred in the United States. While 
the growth of liquid fuels in the last few years has stagnated, natural 
gas has maintained about a 795 annual growth rate such that, by the 
end of 1965, it could surpass liquid fuels as the major source of energy. 

The world production and proved reserves of natural gas for 1961 are 
presented in Table 2. 


TABLE 2 


WORLD PRODUCTION AND RESERVES OF NATURAL GAS! 
(Trillions of Cubic Feet) 


Proved 

Cum. Prod. Prod. ReServes 

" Through 1961 1961 End 1961 
North» America 242.8 14.6 321.0 
Middle East 10.0 1.14 178.3 
Tron Curtain 19.4 2.65 83.4 
Africa , 0.3 0.08 54.5 
South America 19.5 1.7 44.8 
Far East 2.8 0.17 19.6 
Europe 3.0 0.55 19.1 
'Total Free World 278.4 18.24 637.8 
Total Iron Curtain 19.4 2.65 83.4 
Total World 297.8 20.9 720.7 


! Summarized from Oil and Gas J., March 12, 1962, 75. 


The amount produced as shown in this table does not include the vast 
quantities of gas that are wasted by flaring into the atmosphere, particu- 
larly in the Middle East and South America. The proved reserves, par- 
tieularly in Europe, are subject to substantial revision as of 1965 due to 
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the large amount of gas discovered in Holland in 1959 but only recently 
disclosed as the third largest gas field in the world. About 7097 of the gas 
produced in 1961 was in the United States. The distribution among users 
and the corresponding revenues are summarized in Table 3. 


TABLE 3 
£ U.S. SALES OF NATURAL GAS DURING 1961! 
Average 
Number of Thousands of 
Category Customers Therms® Revenues 
Residential 29,105,000 31,790,900 $3,183,981,000 
Commereial 2,392,000 9,599,200 760,033,000 
Industrial 136,000 46,844,400 1,622,595,000 
Other 38,000 4,845,100 165,236,000 
Total 81,671,000 93,079,600 $5,731,845,000(9 


Note: (1) One therm = 100,000 Btu = 100 eu ft of 1000 Btu gas 
(2) Represents a gain of 8.0% in revenues over 1960 as opposed to a 2.8% 
gain in therms 
1 Summarized from Oil and Gas J., January 1, 1962, 56. 


It is interesting to observe in Table 3 that the residential customer 
provides more than 55% of the annual revenue which approaches 6-bil- 
lion dollars. 'The revenue produced by the residential customer amounts 
to 10 cents per unit of thermal energy (equivalent to 100 eu ft of gas), 
whereas the industrial customer provides only 395 cents per therm. As | 
will be explained later, it is this superficial bargain price that industry 
receives—based on interruptible supply—which actually catalyzed the 
development of the liquefaction and transportation of natural gas on an 
international scale. 


TABLE 4 
e. COMPARISON OF VARIOUS SYSTEMS 
FOR STORING AND TRANSPORTING NATURAL GAS! 
Cu Ft of * 
Volume Reg'd. Conditions 
to Contain 1000 Temperature, Pressure, 
System Cu Ft of Gas oF pst 
Liquefaction 1.6 — 250 14.7 
Adsorption 
(Fuller’s Earth) 5.0 — 250 14.7 
Hydrate 5.9 35 450 
Absorption 
(in propane) 6.5 — §2 600 
Compression 25.0 100 600 


1 Chem. Eng. Progr., November 1962, 47. 


Judging from its effective utilization in the United States, particularly 
in the last 20 years, natural gas plays a prominent role in an expanding, 
industrial economy. The situation in the United States has been unique 
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in that it not only has about half of the world’s proved reserves of natural 
gas, but also the gas can be distributed competitively from the major 
producing areas in the southwest* to all the consuming centers by means 
of pipelines. On the other hand, a number of the highly industrialized 
nations like England and Japan are (as yet) neither blessed with in- 
digeneous gas reserves nor can they be reached by pipeline from major 
producing areas. Since it is impractical to transport natural gas as a gas 


TABLE 5 
PROPERTIES OF METHANE 
Formula CH, 
Molecular weight 16.042 


Gas density at 
60°F and 1 atm. 


in Ib/cu ft 0.0424 (0.679 gm /liter) 
Specific gravity at 60°F 

and 1 atm (air = 1) 0.555 
Critical temp., °F —116.5?F (—82.5°C) 
Critical press., psi abs. 673.1 (45.8 atm.) 
Boiling point at 

1 atm. press. — 258.68°F (—161.5°C) 
Freezing point at 

1 atm. press. —296.46?F (—184°C) 
Density of liquid 

at —2638°F in lb/cu ft 25.9 (415 gm/liter) 
Heat of vaporization 

at boiling point in 

Btu/lb 219.7 (122.1 cal/gm) 


Net heat of combustion 
at atm. press. in 


Btu/cu ft 911 (21,240 Btu/lb or 
11,800 cal/gm) 
Flammability limits . 
volume per cent in air 
Lower 5.0 
Higher 15.0 


in bulk form, one obvious solution would be to liquefy the natural gas 
and transport it as such in ocean-going tankers. The advantage in lique- 
faction is that roughly 600 cu ft of natural gas at atmospheric pressure 
shrinks to 1 cu ft of liquid. Other techniques which have been considered 
are transporting in the gas phase at high pressure, by absorption in 
liquids, by adsorption on solids, and by reversible chemical combination 
I5]. A comparison of these various systems is given in Table 4. 

Since it is impractical to store or transport large volumes of gas at any 
pressure above atmospheric, the most competitive alternative to lique- 
faction is absorption on fuller’s earth. Other solids such as carbon can be 


* Natural gas has been found under less than 1% of the land area of the United 
States. This gas is transmitted in pipelines (10 to 36 inches in diameter) to consuming 
markets as far as 2000 miles away at pressures between 200 and 1000 psi. 


4^ 
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used, but its adsorptive capacity is less than 10% of fuller’s earth. Con- 
siderable development work was done, including the operation of a pilot 
plant in Warren, Pennsylvania, by the Floridin Company and J. F. 
Pritchard Company in 1949-50, on fuller's earth adsorption te]. How- 
ever, because of its 9:1 disadvantage on containment volume as com- 
pared to liquefaction, and the fact that the same temperatures and pres- 
sures are required, this process has never been commercialized. 

At this point, it may be well to review some of the more pertinent prop- 
erties of natural gas. It is found in porous, subsurface, imperviously- 
capped formations in various parts of the world (see Table 2). Some wells 
are more than three miles deep. Natural gas is frequently found with 
petroleum; about one-third of the U.S. production comes from oil wells. 


TABLE 6 
BOILING POINTS OF SOME COMMON GASES 


Substance Normal Boiling Point in °F 
Ammonia — 28.1 
Freon 22 — 41.4 
Propane — 43.7 
Carbon dioxide —109.3 (sublimes) 
Ethane —127.6 
Ethylene —154.8! 
Freon 14 — 198.4 
Methane —25% 7 
Oxygen —297.3 
Nitrogen —320.5 
Hydrogen —423.0 
Helium —452.1 


1 Temperatures below — 150?F are usually considered cryogenic in the trade. 


Natural gas in the United States generally contains between 80 and 95% 
methan@;* the balance includes ethane, propane, butane, pentane, eto. 
Small amounts of carbon dioxide, nitrogen, helium, water vapor, and 
hydrogen sulfide are present in most natural gases. Natural gis, along 
with petroleum, oil shale, natural gas liquids, coal, and lignite, is classed 
as a fossil fuel. 

Where the natural gas is composed primarily of methane, much of the 
characteristic behavior of natural gas can be predicted from the proper- 
ties of methane, which are summarized in Table 5. 

Since the critical temperature of methane is —116.5°F, it cannot be 
liquefied at any pressure, however great, above this temperature. The 
liquefaction, temperature or boiling point at one atmosphere pressure is 
—258.68°F. This boiling point is compared with other gases, which are 
commonly liquefied, in Table 6. : 


Liquid methane is a colorless, clear liquid that resembles liquid air; 


* In the Middle East, much of the gas contains less than 5095 methane. 
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its density is about one-half that of liquid air. Because it possesses stipe- e 
rior wetting characteristics, liquid methane produces a more severe irrita- 
tation in contact with the human skin than liquid air does. It is this 
characteristic wetting property that may serve a useful purpose in 
cryogenic surgery as a replacement for liquid nitrogen. 


Historical 


The commercial liquefaction of natural gas dates to a small plant which 
was built in West Virginia in 1910 to compress natural gas, refrigerate 
and separate what was called liquid natural gas—mostly ethane and 
propane—which was bottled and sold locally. A patent application had 
been made by Cabot as early as 1914 for the liquefaction, storage, and 
barge transportation of liquid natural gas [7] and, in 1917, a patent was 
issued (U.S. Pat. 1,225,574) to him covering the apparatus for condensing 
natural gas under high pressure and cooling. 

In 1917, during World War I, the United States Government comis- 
sioned the Linde-Company, working in cooperation with the Bureau of 
Mines, to construct a plant in Forth Worth, Texas, for extracting helium 
from natural gas. The helium was to be used in dirigibles for the Allies. 
By the time enough helium (90% purity) had been produced to fill one 
dirigible and was readied for shipment overseas from New York, the 
Armistice was signed [s, 9]. The process of recovering helium was based 
on liquefaction of natural gas. Some 10 years earlier, Professors H. P. 
Cady and D. McFarland at the University of Kansas discovered that 
many natural gases contained around 1% helium. 

After the war, the government, under the jurisdiction of the Navy, 
constructed a larger extraction plant at Forth Worth in 1921. In 1925, 
` Congress placed all helium activity under the U. S. Bureau of Mines at 
Fort Worth. When the gas field near Forth Worth played out, the plant was 
closed and dismantled. A new one was erected near Amarillo, which went 
into opefation in 1929 and has continued to produce helium ever since. 

In the early 1920's, patents were issued on insulated containers for 
river barges suitable for transporting liquefied gas ioi. In 1937, two 
patents were issued (U.S. Pat. 2,082,189 and 2,090,163) to L. T'womey 
on methods of liquefaction, storage, and delivery of liquefied natural gas 
through distributing lines [11]. 

In 1937, H. C. Cooper*, then president of the Hope Natural Gas Co., 
became interested in liquefaction of natural gas with the result that a 
pilot plant was erected at Cornwell compressor station of the Hope Nat- 
ural Gas Co. of West Virginia in 1940. The liquefaction capacity was 
300,000 eu ft of natural gas per day into a cork—insulated storage con- 


* About this same time, Egerton in England was trying to promote the separation 
and storage of liquid methane by the British Gas Industry to meet seasonal variations 
in demand on manufactured gas [12]. 
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tainer for 1 million cubic feet of gas (equivalent to 14,500 gal of liquid). 
Because of the successful operation of this plant, it was used as the basis 
for the design of a larger installation at Cleveland no). 

The Cleveland Natural Gas Liquefaction Plant of the East Ohio Gas 
Company went into operation on January 29, 1941. Total construction 
costs were $1.25 million. This plant was known as a peak-shaving plant 
since its purpose was to liquefy surplus natural gas from the pipeline 
during the periods of low customer demand in the summer and to regasify 
the liquid from storage to supplement the pipeline gas during peak de- 
mands in the winter. This plant was the first and only one of its kind in 
the United States: however, at least two liquefied natural gas, peak- 
shaving plants are scheduled to go on stream in 1965. 

The Cleveland plant had a capacity to liquefy 4 million cubic feet of 
gas a day, to store a total of 150 million cubic feet of gas as a liquid (equiv- 
alent to 1.8 million gallons of liquid) in three cork-insulated, (3 ft thick) 
spherical tanks (57 ft in diameter), and to regasify the liquid at a daily rate 
of 72 million cubic feet. After three years of successful operation, a fourth 
tank was installed in 1944. This tank was a vertical cylinder, 70 ft in 
diameter and 43 ft high surrounded by 3 ft of rock-wool insulation. Its 
capacity was 90 million cubic feet of gas (equivalent to 1.1 million gallons 
of liquid). Eight months after installation, the new cylindrical tank 
failed on October 20, 1944. Because of inadequate djkes, liquefied natural 
gas (hereafter referred to as LNG) flowed over the ground surface and 
into the sewers of the city. The resulting explosion and fire caused wide- 
spread destruction ($6.8 million) and loss of lives (128). A team of in- 
vestigators from the Bureau of Mines observed that, among several 
possibilities, the most likely cause of failure was due to the improper 
selection of metal. The 314% nickel steel, which was used, is not con- 
sidered adequate for this service even by present day standards of greatly 
improved fabrication techniques. The resulting damage, following 
tank rupture, was attributed to the lack of confinement of the storage 
tanks by earthen dikes. Despite the magnitude of the disaster, a sig- 
nificant conclusion by the investigation team is quoted from the Bureau 
of Mines report [13]: 

“Regardless of the cause of the disaster at the liquefaction, storage, and regasifica- 

tion plant of the East Ohio Gas Company, the application of the system for liquefy- 


ing and storing large quantities of natural gas is not invalidated, provided proper 
precautions are taken." 


Nevertheless, the Cleveland plant was not operated again. 

In 1947, Dresser Industries Limited of Dallas, Texas, designed and 
constructed a plant near Moscow, Russia at a cost of $6,000,000. This 
plant had a liquefaction rate of 4.5 million cubic feet of gas per day (com- 
parable to the Cleveland plant) with an equivalent gaseous storage 
volume of 162 million cubic feet. Little information is available on the 
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operating record of this plant other than it has been giving continuoiis, 
satisfactory service. Although the original purpose of the plant was to 
supply standby gas for Moscow, it is being used to supply vehicle fuel and 
to supply large customers at points not on gas lines. A description of 
this plant has been published [14, 151. 

In 1949, detailed designs were completed and approved by regulatory 
authorities for the liquefaction and storage of 400 million cubic feet 
(equivalent gaseous volume) of LNG by the People's Gas Company of 
Chieago. This plant would have been built had it not been for the con- 
eurrent development of the alternative and cheaper means of storing gas 
in depleted, undergound, oil and gas reservoirs. 

Throughout the 1940's, there was substantial activity in the nature of 
engineering studies and designs for the liquefaction, storage, and trans- 
portation of LNG. Huntington observed in 1950 ne}: 

“Though it may sound fantastic and impractical to many, the proposed transporta- 


tion of liquid methane by tanker from South Texas to the Atlantic seaboard has 
been giver serious consideration.” 


However, despite the wishful dreams of the petroleum, gas, and utility 
companies to capitalize on LNG in its various ramifications and the 
fact that the technology of liquefaction and storage (particularly in the 
rapid growth of air liquefaction plants in the 1940’s) was well established, 
_none seemed willing to make the capital investment. Two explanations 
are suggested: 


(1) The so-called Cleveland disaster was still fresh in their minds. 
(2) The transportation of LNG by tanker or barge involved the 
solution of a number of technological problems which were not 
7 straightforward. For this reason, economic analyses of this phase 
of the venture always tended to be so ultra-conservative that the 

overall economics became unattractive. 


It was léft to a relatively small power company, which was generating 
power for the Chicago Stock Yards, and its dynamic chief executive, 
William Wood Prince, to break the ice and take the bold plunge. Armed 
only with his self-imposed motto of awareness: “Remember Cleveland," 
he rolled-up his sleeves and went to work on LNG in 1951. 


The Constock Breakthrough 


Most of the gas supplied to industry falls into the so-called interrupti- 
ble category. Contracts with gas companies recognize that domestic 
consumers have first priority on the supply. In periods of severe weather, 
the supply to industry frequently has to be restricted. For this reason, 
industry must maintain standby facilities such as coal, liquid fuels, or 
manufactured gas to carry them through the period of interrupted 
service. However, industry is willing to accept this inconvenience so long 
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as the gas companies will grant them a bargain price for the gas when 
there is a surplus during the summer months. As was noted in the com- 
ments related to Table 3, the average price paid by the industrial 
customer is about one-third as much as the domestic customer per unit 
of thermal] energy. 

According to one source pz] “a Chicago gas company injudiciously 
tried to raise the price of the natural gas (interruptible) it was selling to 
a power company controlled by William Wood Prince," then president 
of Union Stock Yard and Transit Co. and & managing trustee of the 
30-company Prince trust.* It was then—in 1951—that W. W. Prince 
and one of his consultants, Willard Morrison, conceived the idea of 
liquefying natural gas on the Gulf Coast and barging it up the Mississippi 
River to Chicago. The original plan, which was handed to his Chicago 
Stock Yards Research Division to develop, was to construct a barge- 
mounted liquefaction unit which could move around to nearly-depleted 
or remote gas wells (where the cost of gas is very low) and to liquefy the 
gas directly into another barge for transporting the cargo to Chicago. 
Another feature of the plan was to utilize the refrigeration contained in 
the LNG, during regasification at Chicago, to freeze and preserve the 
various products from the stockyards operation. 

After considerable preliminary investigation, research, and develop- 
ment, construction of the barge-mounted liquefaction plant and the 
transport barge were undertaken in 1954 at the Ingall’s Ship Yards in ` 
Pascagoula, Mississippi. About this time, Prince decided it would be 
desirable to have a close working association with a company experi- 
enced in gas processing. After talking to several prospects, he found an 
understanding ear in E. F. Battson, senior vice-president of Continental 
Oil Company. Continental Oil took a one year’s option on a possible joint 
venture with the Stock Yards Group. A task force composed of Conti- 
nental Oil Company personnel and several consultants was organized 
under the direction of J. A. Murphy, who at that time waseserving as 
Battson’s technical advisor. This group not only made a detailed evalua- 
tion of the work done by the Chicago Stock Yards Research Division, 
but they also carried out an independent, economic and engineering 
feasibility study. These studies concluded that the Mississippi barge 
venture was not economical, but that ocean transportation of LNG from 
gas-surplus countries to gas-deficient countries offered a very attractive 
potential. With this understanding, Continental Oil exercised its option 
to a joint venture, and, in 1955, Constock International Methane Ltd. 
was organized with equal ownership by Continental Oil Co. and Union 
Stock Yards and Transit Co. The name Con-stock was obviously derived 
from the parent companies. 


* Currently, also, Chairman of the Board and Chief Executive Officer of Armour 
& Co. 
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Even though the original barging scheme was abandoned, it was 
decided to utilize both barges as pilot plants for demonstrating the 
technical feasibility and obtaining valuable design data for a commercial 
venture. The barges were completed in late 1955 and were then trans- 
fered to Bayou Long, Louisiana, for extensive testing throughout 1956. 

While these tests were underway in Bayou Long, Constock concen- 
trated on a crash program of research, development, and engineefing 
analyses on all phases of the project, directed toward the commercial 
venture. Included were innovations in gas processing and liquefaction 
techniques, material evaluation and development, ship designs, cargo 
handling, storage tanks, etc. The most amazing aspect of the program 
was the way it was accomplished by its subsidiary, Constock Liquid 
Methane Corporation. They operated with a skeleton staff directed by 
J. A. Murphy and housed in less than 500 square feet of space in a New 
York office building. Specific research and development assignments 
were doled out to the laboratories of the parent companies in Chicago 
and Ponca City, Oklahoma. In addition, several consultants from uni- 
versities were employed on a part-time basis, primarily to translate the 
research results into design criteria for practical applications. The bulk 
of the engineering design and construction was handled by the following: 


J. F. Pritchard Co., Kansas City, Mo. (gas processing, liquefaction, 
and plant constraction) 

Gamble Brothers, Inc., Louisville, Ky. (wood and insulation spe- 
cialists) 

J. J. Henry Co., N.Y. (naval architects and marine engineers) 

A. D. Little, Inc., Cambridge, Mass. (storage and cargo handling 
methods) 


By the spring of 1957, complete designs, specifications, and drawings 
for the liquefaction plant, tanker, and terminal facilities had been com- 
pleted. Gomprehensive analyses of potential gas sources and markets 
were also made. It was therefore possible to establish the economics for 
LNG shipments between a variety of ports all over the world. At this 
stage, a number of foreign countries, among which were England, Ger- 
many, France, Italy, Sweden, and Japan, expressed interest in importing 
LNG. By the fall of 1957, the British Gas Council made a declaration 
of intent to import LNG at a rate equivalent to 100 million cubic feet 
of gas per day, which amounted to about 10% of their total gas con- 
sumption. However, the signing of a firm contract was deferred until 
after several trial shipments of LNG were made between the Gulf Coast 
and London. Even though the Constock ship designs appeared to be 
sound, there was as yet no proof that LNG could be transported overseas 
by tanker, particularly in rough weather. 

Constock agreed to erect liquefaction and land storage facilities on the 
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Caleasieu River near Lake Charles, Louisiana, while the British Gas 
Council supplied the unloading and terminal storage facilities at Canvey 
Island near London. Constock and the Gas Council agreed to share in 
the costs of converting a dry cargo tanker; for this purpose, a new 
company, British Methane, Ltd. was formed to »wn and operate the 
ship. 

Bake Charles Facilities: The liquefaction plant, land storage, and 
loading terminal were erected on a 20-acre site and placed in operation 
during the latter part of 1958. The barge-mounted liquefaction unit, 
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Fia. 1. Flow sheet of methane liquefaction barge 


which was used in the Bayou Long tests, was moved to Lake Charles. A 
simplified flow sheet of the modified Claude (expander) cycle used on 
the barge is shown in Figure 1. Although this cycle is relatively ineffi- 
cient, it has the advantage of being lighter and more compact, and 
therefore more adaptable to installation on a barge where space is 
limited. It is interesting to note that this pilot liquefaction unit with a 
rated liquefaction capacity of 7 million cubic feet of gas per day was 
1.7 times larger in capacity than the Cleveland or Moscow plants of 
the 1940's. 
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The liquid from the plant was stored in a tank having a capacity of 
1.47 million gallons (equivalent to 120 million cubic feet of gas). Up 
until 1964, this tank was the largest ever built for storing cryogenic 
liquids (below —150?F). This container is double-walled, with an 
aluminum inner tank separated from an outer steel tank by 3 ft of perlite 
insulation. Its outer dimensions are 73 ft in diameter by 61.5 ft high. A 
photograph of the site at Lake Charles, Figure 2, shows the storage 
tank and barge-mounted liquefaction unit [18, 191. 





Fra, 2. Constock’s LNG liquefaction terminal at Lake Charles, La. 


Methane Pioneer: For transporting the LNG, a CI-M-AVI dry cargo 
ship (5000-ton class) was converted to the MV Methane Pioneer at the 
Alabama Drydock & Shipbuilding Co. in Mobile, Alabama, during 
1958, according to plans and designs developed by Constock and J. J. 
Henry Company. A dry cargo ship was selected because it has large 
double bottoms and wing tanks which can be used for ballasting, a 
particular problem raised by the low density of liquid methane (about 
40% of the density of water). In addition, a number of other innovations 
in outfitting the ship for cryogenic service were required [19, 20, 21). 
However, only the insulation and cargo tanks will be mentioned here 
since they represent the major accomplishments upon which the success 
and economics of the project hinged (221. 


"m 
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- The horizontal cross section of a tanker's hold space is essentially 
rectangular. Therefore, in order to obtain the maximum utilization of 
this space for liquid cargo, the horizontal cross section of the cargo tanks 
must likewise be rectangular. Cylinder tanks would be easier and much ' 
cheaper to fabricate, but unfortunately they would utilize only 7/4 or 
about 80% of the cargo space. Because of the high cost of the ship—al- 
most twice the conventional tanker—for LNG service, the economics 
dictate that the space utilization should be greater than 90%; thus 
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Fig. 3. Cross sections of vessel showing prismatical tanks 
prismatical tanks (rectangular parallelopipeds) are used. Unfortunately, 
prismatical tanks introduce two severe design problems: : 


(1) High stresses in the flat walls caused by cyclical, dynamic loads 
from rolling, pitching and heaving of the ship. 

(2) Thermal stresses in the walls caused by sharp, vertical tempera- 
ture gradients when the tank is only partially filled. 


Obviously, one large tank filling the entire cargo space would be cheaper 
than several small ones. However, regulatory bodies for ships have 
limits on the size of individual compartments with respect to dynamic 
loadings, free-surface liquid effects, and safety under collision conditions. 

Working within these shape and size limitations, the next step is to 
select the material of construction. Although all materials, metals, 
plastics, concrete, wood, etc., show an increase in strength with de- 
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creasing teraperature, most of them become brittle at low temperatures. 
For this application, the ¢hoice narrows to aluminum (5000 series 
alloy), stainless steel, or 9% nickel steel i231. Aluminum is selected on the 
basis of economics. 

As was mentioned before, the prismatical tanks are expensive so it 
was necessary to optimize the design. In order to do so, & method for 
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Fia. 4. Cutaway of cargo tank showing internal bracing 


making stress analyses had to be developed ps1. The general configura- 
tion of the tanks and relative location in the ship are shown in Figures 
8 and 4. 

In Figure 3, it can be noted that the aluminum tanks are surrounded 
with insulation, which had to meet the following requirements: 

(1) The insulation must maintain the ship's structure near ambient 
temperatures. Since the steel used in the hull cannot withstand LNG 
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temperatures without becoming brittle, the insulation must also per- 
form as a secondary, liquid-tight barrier in the event one of the aluminum 
tanks springs a leak. 

(2) The bottom insulation must be capable of withstanding the 
enormous stresses (due to the ship’s motion) generated at the bottom 
key of the tank. 

*(3) The insulation must provide a prescribed rate of boil-off of LNG 
if the vapors are to be used to generate power for propelling the ship. 

(4) Since the insulation has to be attached to the ship’s inner hull, 
it must be able to withstand the severe thermal stresses (—250°F on 
one face and ambient on the other) without yielding. 

(5) In the event of fire on board ship, the insulation must be able 
to maintain structural integrity for at least four hours when its outer 
face is exposed to a temperature of 1200°F. 


TABLE 7 


RATIO OF YIELD STRESS TO THERMAL 
STRESS FOR COMMON MATERIALS 


Material (SypP/aH( AT) ax 

Wood 2.2-9.2 
Cast iron 2.3 

9% nickel steel 1.2 
Foamglas 0.45 
Concrete *0.3 
Stainless steel (304 annealed) 0.28 
Aluminum alloy (5000 series, annealed) 0.22 


18yp = Yield point in compression. 
a = Coefficient of thermal expansion. 
E = Modulus of elasticity. 
AT = Temperature differential, 70°F to —320°F = 390°F. 


To Satisfy these particular requirements, balsa wood was the only 
insulating material that was adequate in all respects. In general; any 
material, whose ratio of yield stress to thermal stress is greater than 
one, can be subjected to cryogenic temperatures in a fully restrained 
condition so that it is not free to contract. Table 7 compares this ratio 
for several common materials of construction. Although cast iron has a 
ratio of 2.3 it is not suitable for cryogenic service because it becomes 
brittle even at 0?F. Nine per cent nickel steel is not recommended for use 
below liquid nitrogen temperatures. With its high ratio, 2.2-9.2, wood 
is one of the best materials for cryogenic service.* Its chief disadvantage 
lies in the difficulty to predict stresses. Being an anisotropic material, 
one must consider three ultimate strengths and 9 Poisson ratios in 
analyses. 


* Wood is even finding use at high temperatures, such as in spacecraft nose cones 
[24] 
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The final design problem involves the insulation and cargo tanks 
together. Economics might indicate a thickness of insulation which 
results in prohibitive thermal stresses being generated in the tank walls, 
since the thermal stresses increase with decreasing insulation thickness 
as shown in Figure 5. 

The installation of the aluminum tanks is shown in Figure 6. Figure 
6A shows the hold space lined with balsa panels which are so laminated 
as to give identical physical properties in two dimensions. The panels 
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Fra. 5. Variation of thermal stresses in tanks with thickness of insulation 


are faced with 14 inch plywood. They are 4 X 8 X 1 ft thick and are 
joined together with plywood scabs and fiber glass rosettes. Figure 6B 
shows one of the aluminum tanks, measuring 29 X 40 and 32 ft high, 
having & capacity of about 280,000 gal being lowered into the hold. 
Figure 6C shows the first tank in place, the clearance between the side- 
walls of the tank and insulation averages about 1 inch in order to 
maximize on cubic carrying capacity. Four more similar tanks, when 
installed, bring the total capacity to over 1.40 million gallons (equivalent 
to 115 million cubic feet of gas). 

Figure 7A shows the appearance of a CI-M-AVI dry cargo ship before 
conversion, and Figure 7B, the Methane Pioneer after conversion. The 
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Fic. 6. Installation of aluminum tank in methane pioneer 
e A. Insulated hold space 
B. Lifting the tank 
C. Installed tank 


ship is over 350 ft long, 50 ft wide, and 40 ft deep, a healthy-sized pilot 
Ship but tiny compared to present day tankers. 

The Methane Pioneer took on its first load of LNG, equivalent to 
115 million cubic feet of gas, and departed from Lake Charles on its 
historic voyage, January 28, 1959. It arrived at Canvey Island on 
February 20, 1959, and discharged its cargo into 2 insulated, land 
storage tanks, each having a capacity of 670,000 gal (equivalent to 
55 million cubic feet of gas). 

Over the next year, ending in March 1960, the Methane Pioneer made 
six more trial shipments. The ship performed admirably, even in very 
heavy seas where rolls exceeding 45? were recorded 19, 20, 25}. Having 
proved that LNG could be transported overseas by tanker, LNG ship- 
ments from Lake Charles were terminated because the Methane Pioneer 
was only a pilot ship and had less than one-fifth of the minimum carrying 
capacity for economical operation. Since then, the Methane Pioneer has 
continued in service as a refrigerated butadiene carrier between the 
Gulf Coast and Holland. : 

An idea which was conceived nine years earlier by W. W. Prince to 
solve a local power company’s problem in Chicago had become an inter- 
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national enterprise. The world awaited with great interest, particularly 
the skeptics—and there were many—for the maiden voyage of the 
Methane Princess. Hardly had she docked at Canvey Island before 
many others were dashing madly to get into the LNG business and 
reap the benefits at the expense of Constock’s pioneering leadership. 
Constock, after nine years and some $15 million of investment had 
proved not only to herself but—with full knowledge aforethought—for 
all her potential competitors that the job could be done. Although 
Constock had developed a protective wall of several hundred inter- 
national patents, these alone were not enough to discourage competi- 
tion. 


Commercial Ventures 


Early in 1960, Royal Dutch/Shell joined forces with Constbck, and a 
new company, Conch International Methane Ltd., was formed. Royal 
Dutch/Shell and Continental Oil Company each acquired a 40% interest 
and Union Stock Yards and Transit Company retained the balance of 
2095. (The name Conch is derived from CON = Continental, CH = 
Chicago Stock Yards, and CONCH = (sea) Shell.) The headquarters 
were moved to London to initiate the first commercial venture for 
hauling LNG from North Africa to England. The only activities that 
remained in the States were the pilot plant projects on gas purification, 
submerged pumping, in-ground storage, and fire fests, at Lake Charles ; 
insulation development at Gamble Brothers in Louisville, and basic 
research at Continental Oil Company in Ponca City, Oklahoma. 

The London headquarters were rapidly expanded to provide for re- 
search, development, engineering, marketing, and patent services. Their 
first step was to initiate construction of a liquefaction plant and larger 
tankers modeled after the plans developed by Constock. Shortly there- 
after, in the spring of 1960, Conch entered into an agreement with the 
French government to purchase gas* from the big Sahara Hassi R’Mel 
gas field and to build a liquefaction plant near Arzew, Algeria, on the 
North African Mediterranean Coast. The liquefaction plant was to be 
financed and built by a new company, CAMEL (Cie Algierienne du 
Methane Liquid) owned jointly by Conch and French interests. 

Although Britain presumably was to provide the initial market for 
this plant, and construction of the plant was undertaken, more than 
18 months elapsed before the U. K. government announced its ap- 
proval in January 1962 {26}. The delay was due to political angles in- 
volved: coal-industry opposition and the Algerian turmoil following 
its liberation, which raised questions regarding the stability of the 
Saharan gas as a source for imports. However, in the final analysis, the 


* Contrary to popular belief, the contract price for the gas was around 25 cents per 
1000 cu ft which is no better than current gas prices on our Gulf Coast. 
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British Gas Council decided that the Sahara gas was as reliable as the 
British sources for oil which-—in the minds of many Europeans since the 
Suez crisis—are not too reliable i7]. 





Fra. 7. A. CI-M-AV] before conversion 
B. Methane pioneer after conversion 


After Algeria gained its independence, it demanded and obtained 
additional participation in the LNG venture. The final lineup of operat- 
ing companies is as follows (28): 


i 


2 


Liquefaction Plant by CAMEL (40% Conch, 40% French in- 
terests, and 20% Algerian Government). 


. Gas Production at Hassi R’Mel Gas Field by Ste. d’Exploitation 


des Hydrocarbures d’ Hassi R’ Mel. 
Pipeline* from gas field to Arzew by SOTHRA Vornpinauon of 
French and Algerian interests). 


: Transportation by British Methane Ltd. (50% Conch and 50% 


British Gas Council) which buys LNG, ships to England, and 
sells to British Gas Council. 


. Transportation by Gaz de France, the French counterpart of the 


British Gas Council, which buys LNG and ships to France (291. 


With the decision by the French to participate in the initial venture by 
contracting for 50 million cubic feet of gas daily, the capacity of the 
liquefaction plant was raised from 100 million to 150 million cubic feet 
per day, with Britain under a 15-year contract to take 100 million eubie 
feet per day. The liquefaction cycle selected was based on a cascade 
cycle developed by Constock. The terminology “cascade” derives its 
usage from the fact that the gas is progressively cooled in a series of 


* Three hundred miles of 24-inch pipeline. 
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steps as shown schematically in Figure 8. The second law of thermo- 
dynamics provides that, as the difference in temperature between the 
refrigerating medium and the medium being cooled is diminished, the 
more efficient the process becomes. In the limit, the most efficient process 
would be one in which the temperature difference was zero. However, 
practical, cost limitations force a compromise to a finite temperature 
difference, which as noted in Figure 8 amounts to 5°F in each step except 
one of the ethylene stages (8°F). 


TABLE 8 
COMPARISON OF LNG LIQUEFACTION CYCLES 


Horsepower Per Cent of 
Inlet Gas Per Million Total Feed Used 
Cycle Pressure, psi Cu Ft Gas/Day as Fuel 

Ideal E 500 185! 
Practical limit 500 400? 
Cleveland ‘cascade 615 662! 15 
Russian cascade 725 6603 
Constock þarge 

expander 1000 1000! 30 
Arzew cascade 465 4691 8 
Conch expander 465 540! 10 
Transco cascade 

peak shaving 315-490 7164 

1 C. L. RIETER, Chem. Engr. Progr., 58, 61-69 1962. 

? Estimated. 


? P. S. PARKER and R. H. AnusroN, Gas Age, March 11, 1954. 
1R. MARTIN, Petrol. Management, Dec. 1964, 84-89 (Actual Horsepower Required 
is 624): 


A comparison of the power and fuel consumptions for the various 
LNG liquefaction plants that have been built to date is presented in, 
Table 8: Although the theoretical, ideal power requirement is only 
185 horsepower per million cubic feet of gas per day, the practical fact 
that no machinery, such as compressors and expansion engines, have 
been built, as yet, which are 100% efficient, and all economical heat 
exchangers must operate with finite temperature differences, raises the 
theoretical limit from 185 horsepower to a so-called practical limit 
(by today’s standards) of 400 horsepower. The Arzew plant is not far 
away from this limit with 469 horsepower. 

The storage facilities for liquefied natural gas at Arzew amount to 
17 million gallons of liquid or equivalent to 1-billion cubic feet of gas [28]. 
There are 3 double-walled, above-ground storage tanks, each having a 
capacity of over 2.5 million gallons. These tanks are modeled after the 
Lake Charles tank with a scaleup factor of about two. Two of these tanks 
have an inner shell of aluminum and the third a 9% nickel steel inner 
tank. All three have 3 ft of perlite insulation between these inner shells 
and an outer shell of conventional steel. 
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The rest of the storage, which amounts to 55% of the total, or 9 
million gallons, will be in a frozen cavity 122 ft in diameter and 114 
ft into the ground. This in-ground storage principle was developed by 


EN NATURAL 


PROPANE 
DEHYDRATOR CHILLER ACID GAS 


z REMOVAL 600 PSI 
25°F 95°F : 


NATURAL GAS 
570 PS!,30°F 


PROPANE -36°F 


ETHYLENE -95° 


ETHYLENE -150?F 


METHANE -245°F 





Fra. 8. Schematic of liquefaction of natural gas by means of cascade cycle in Algeria 
(data from Chemical Engineering, October 12, 1964, 182-184). 


Conch [20] and is based on the principle that the moisture in the ground 
freezes to form a frozen cavity, which serves as an ice barrier that pre- 
vents leakage and at the same time supplies adequate insulation. The 
use of this in-ground storage results in a saving over conventional above- 
ground storage in the neighborhood of about 5 cents per gallon or, in 
this case, about $450,000. 

The storage facilities will supply three tankers, each of them making 
about 30 round-trips per year, and delivering about 7 million gallons of 
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liquid (equivalent to over 500 million cubic feet of gas) per trip. Two of 
the tankers, the Methane Princess and the Methane Progress were built 
in British and Irish shipyards respectively. These tankers are essentially 
replicas of the Methane Pioneer in having prismatical aluminum tanks 
and balsa wood insulation. However, the French-built tanker, ap- 
propriately christened the Jules Verne,* has seven cylindrical tanks of 
9%, nickel steel insulated with 17 inches of Klegecell! on the bottom 
(conical shaped, rather than keyed). The vertical walls and roof consist 
of 21% inches of Klegecell covered with a liquid-tight sealant to act as a 
secondary barrier. The walls and roof are further insulated with perlite 
[131]. Apparently, the French were able to realize sufficient economies in 
going to the cylindrical, rather than prismatical tanks, despite the 20% 


TABLE 9 


APPROXIMATE COSTS FOR LIQUEFACTION AND 
OVERSEAS TRANSPORTATION 


1. Capital investment 
a. Liquefaction plant 


100 million cu ft/day $40 x 109 
b. 2 Tankers @ $13 X 10$ 

Basic ship 50% 

Cargo handling 20 

Insulation 12 

Alum. tanks 18 26 X 105 


$66 X 105 
2. Annual operating costs (source to 

market about 1500 miles) $13 x 106 
3. Direct cost liquid natural gas 

delivered: Before taxes, admin- 

istrative, research, and sales 


expense and excluding cost of 
gas at source $0.36/1000 cu ft 


loss in cubic capacity. It has been reported [31] that the French ship 
cost $10 million to build against the $13 million for its British counter- 
part; the $3 million savings could have tipped the balance for cylindrical 
tanks, not to mention a possibility that the Conch-patented ship de- 
signs might have been evaded. 

The terminal facilities on Canvey Island consist of seven conventional 
above ground storage tanks, including the two that were used on the 
trial shipments with the Methane Pioneer, for a total capacity of 140 
million gallons or a gas equivalent of over 1.1 billion cubic feet. The 
liquid is vaporized from storage in a novel scheme of heat exchange with 
propane and sea water which results in a net production of about 1.7 
megawatts of power as a bonus. The vaporized gas then goes into an 

* French science fiction writer who half a century ago referred to natural gas as a 


major energy source. 
1 Polyvinylehloride. 
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18 inch pipeline extending some 300 miles northwest for delivery to.8 
local Gas Boards; who will either blend the natural gas with manu- 
factured gas or reform it to the lower calorific value needed in domestic 
burners (321. 

The investment costs for an operation liquefying and transporting 
LNG are enormous; an order of magnitude estimate is given in Table 9. 
To these figures must be added the cost of the unloading terminal fa- 
cilities, which are comparable in cost to the liquefaction plant if gas 
reforming and pipeline distribution facilities are included. 

The costs given in Table 9 are to be viewed with reservation since 
they can vary widely depending on the locality. For example, one 
reference [s3] quotes that the Arzew liquefaction plant cost $60 million. 
Even correcting the figure of $40 million given in Table 9 for a 100- to 
150-million cubic feet per day plant, the corresponding figure would be 
around $50 million. A later reference [s2] pegs the total costs in Algeria 
at $70 million; another reports $86.8 million 1s]. From these figures, it 
is possible to arrive at an estimated total investment in this first LNG 
project as summarized in Table 10 in round figures. 

Whatever the final investment figures become, Conch is under a 
15-year contract to supply Britain with 100 million cubic feet of gas 
per day at a price of 88 cents per thousand cubic feet, which indicates a 
slow payout. The corresponding costs of manufactured gas in England 
from both oil and coal range from $1.07 to $1.75 per thousand cubic feet 
depending on the process used m7]. 


Future of LNG Transportation 


The first commercial shipment of LNG from Algeria arrived in London 
on the Methane Princess, October 12, 1964. Since then, the Methane 
Progress and the Jules Verne have been brought into service. Much of 
the excitement regarding the potential markets for LNG in Western 
Europe was chilled to sub-zero proportions when gas was discovered on 
July 29, 1959 4] by NAM (Nederlandse Aardolie Maatschapij—jointly 
owned by Royal Dutch/Shell and Standard Oil of New Jersey). The 
extent of the reserves was not publicized until around the middle of 
1962, when it became rather evident that the field was the largest in 
Europe 135]. Up to this time, the Po Valley in northern Italy and Lacq 
in southeastern France provided the bulk of the natural-gas supply in 
Europe. By 1964, it became clear that the Dutch field was the third 
largest in the world, ranking behind only the Texas Panhandle and the 
Sahara field. Although the extent of the Dutch discovery was not 
known prior to 1963, Royal Dutch/Shell as a partner to this discovery 
surely must have been aware of the ultimate impact of Dutch gas on 
LNG when they joined forces with Constock in 1960. 

It is certain that the Dutch gas will cut deeply into the formerly, 
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TABLE 10 
REVISED ESTIMATE OF TOTAL INVESTMENT 
IN FIRST LNG VENTURE 


Millions of Dollars Invested 


Gas pipeline 

(300 miles of 24 inch line from 

Sahara gas fields to Arzew) $ 35.0 
Liquefaction plant, Arzew 85.0 
Two tankers ` 25.0 


Unloading and distribution in London 
Canvey Island facilities 


Reforming plant = 21.0 
Distribution line = 21.0 50.0 
Total $195.0! 


1This total does not include the French tanker and the unloading and distribution 
facilities in France. However, the gas pipeline in Africa was constructed apart 
from this particular project. Its cost probably balances the French investment in 
a tanker and unloading terminal. Therefore, the total investment resulting directly 
from the gas liquefaction is in the neighborhood of $200 million. 


potential LNG markets in Holland, Belgium, Sweden, northern France, 
and Germany. The Dutch discovery has kicked-off an exploration panic 
across the North Sea and extending inland into northern England. 
Engineering feasibility studies on laying a gas pipeline across the 
English Channel are already in the advanced planning stages. 

France is attacking the natural gas supply problem on all fronts. 
The Jules Verne had not even made its first shipment when France 
announced plans to build another tanker 4 times as large (31). For 
several years, they had studied and experimented on a pipeline under 
the Mediterranean to bring Algerian gas to Spain and on into France 
(36, 37] but recently admitted that the project was shelved due to 
Franco-Algerian political problems [1 However, at the same time, 
Ben Bella revealed his plans for a Mediterranean gas pipeling to Europe 
with a second gas liquefaction plant in Eastern Algeria [8]. 

Even with the Dutch finally announcing that they were prieing their 
gas competitively with other fuels, as low as 35 cents per 1000 cubic 
feet while continuing with expansion of distribution lines, Jersey Stand- 
ard, the other half of NAM (discoverers of, and partners in producing 
Holland gas) gave their answer to the North Sea successes by releasing 
plans for shipping Libyan gas to Italy and Spain. The liquefaction 
plant, which will be located on the Mediterranean Coast, 100 miles 
from the Essos Zelten area fields, will have a capacity of 300 million 
eubie feet of gas per day—twice the size of the Arzew plant. Tankers 
will start shuttling to Italy and Barcelona, with the former taking 80% 
of the cargo, by late 1967. Total investment will be around $200 mil- 
lion [89]. 
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While others are looking at Middle East and West Pakistan gas for 
transporting to Japan, Australia and South Africa, Polar LMG Corp., a 
subsidiary of Union Oil and Marathon Oil Co., is negotiating a contract 
with Tokyo Gas. Co. to deliver 35 million cubic feet of gas per day from 
either Alaska or British Columbia [4o 41). Originally, the timetable 
looked for 1965 as a shipping date, but it was delayed to 1967 after 
natural gas was discovered in Niigata, Japan [42]. : 

Scandinavian oil industry leaders are talking about a joint venture to 
import Sahara gas, despite the proximity of the Holland and North 
Sea fields (421. 

It is no secret that Conch, Union Oil, Ohio Oil, and others are looking 
at both the U.S. East and the West Coasts with an expectative eye. 
California’s demand for gas is expected to reach 8 billion cubic feet of 
gas per day by 1982, at which time it is estimated that they will be 
producing less than 1 billion cubic feet t, 44). 

Australia, which is still considered a good market, is continuing to 
show substantial increases in their own gas fields i45]. 

Venezuela flares more gas by a factor of almost two than is currently 
consumed in all of Western Europe. They missed their chance of becom- 
ing the first source for LNG when they could not come to an agreement 
with Constock on gas price back in 1958 [44], but they very likely will 
enter the picture soop. 

Looking to the year 2000, when the world’s energy consumption 
will climb to five times the current rate 1) it is reasonable to conclude 
that transportation of LNG will continue to prosper. Even though 
natural gas continues to be discovered all over the world, there is an 
interesting, opposing force which will act to increase the cost burdens on 
* distribution by pipeline. As population density increases, right-of-way 
cost for pipelines rises drastically. Holland, with a population density of 
910 per square mile, coupled with the need for myriads of underground 
road antl water crossings is already faced with pipeline construction 
costs that are two to three times higher than the average elsewhere [4]. 
Already, they are resigned to the fact that at least half of their production 
will have to be exported. 

Competition from other fuels will always be a problem, but the 
petroleum and gas industries thus far have demonstrated a unique—so 
far as energy sources are concerned—adaptive, pricing-control char- 
acteristic which keeps its products moving on the open market. Con- 
tinued research and development will lower the cost of producing LNG. 
Modest improvements can be expected in the liquefaction and storage 
aspects; however, the next big jump will occur when ship builders 
abandon the notion that an LNG carrier must look and act exactly 
like a conventional oil tanker and start building a carrier to conform 
to the needs of the cargo. Some trends have already been noted, ranging 
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from modest (46, 47, 48, 49, 50] to others more daring [51, 52, 53). 


Concluding Note 


In retrospect, if the writer has failed to convey the significance of 
Constock’s successful pioneering effort, then let it be remembered as an 
outstanding, technological achievement. In this era of daily break- 
throughs, however, it is appropriate to quote Dr. Harvey Brooks, Dean 
of Engineering and Applied Physics at Harvard University: 


“Breakthroughs are mainly figments of publicity agents’ imagination. They come 
slowly, a series of steps, advancing the art. There’s more prior art than we’re led to 
believe. It’s a matter of sudden realization.” 
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PERSPECTIVES 








TWO ESSAY REVIEWS 


I. Life in Space and Humanity on the Earth 


By SU-SHU HUANG 


The View from a Distant Star (Man's Future in the Universe) by H. SHAPLEY; 212 
pages; $1.75 paper; A Delta Book of Dell Publishing Co., 1964. Of Stars and Men 
(The Human Response to an Expanding Universe) by H. SgapPrgv; Designed and 
illustrated by R. C. BARTLETT; 1958 edition revised; 134 pages; $12. boxed; Beacon 
Press, 1964. Worlds Without End by N. J. BERRILL; 240 pages; $5.95; The Maemil- 
Jan Co., 1964. Interstellar Communication, edited by A. Q. W. CAMERON; 320 pages; 
$8.50; W. A. Benjamin, Inc., 1963. We Are Not Alone ('The Search for Intelligent 
zie on Other Worlds) by W. Sunrivan; 325 pages; $6.95; McGraw-Hill Book Co., 
1964. 


The Astronomer’s Contribution to Humanity 


UDDHA was enlightened by revelation under the Bohdi tree. He 
B gained all the wisdom and truth about life through meditation in 
seven times seven days. The scientist’s effort in trying to understand 
life has been by collecting facts. It is a tedious and painstaking process 
which may take millenniums. But, in the end, it appears that among their 
divergent ways of teaching and wisdom, the tw6 cover some common 
ground and that is the virtue of humility. 

When Charles Darwin proposed his theory of evolution that implied 
the humble origin of the human race, it was a severe blow to the human 
ego. Even after the lapse of a hundred years, there are still many who 
find it difficult to accept. However, Darwin’s theory and its consequent. 
developments are not the topic of the present review as their impact and 
Significance have been fully discussed. What I would like to call attention 
to concerns another development in science which equally dampens the 
human ego. The topic is the problem of extra-terrestrial life. 

The problem of extra-terrestrial life is closely related to how man looks 
at his own position in the universe. Thus, before the heliocentric theory 
of Copernicus, man regarded the earth as the center of the world and 
himself as the pinnacle of creation. This anthropocentric conception was 
prevalent in many philosophies and religions. Then Copernicus de- 
graded the earth into a planet and implicitly raised the question of life 
in other planets. When it was further recognized that the sun is nothing 
more than just another star, the question was asked, as did the Dutch 
physicist Christian Huygens, “why may not every one of these stars or 
suns have as great a retinue as our sun, of planets, with their moons, to 
wait upon them?” It takes only a little more imagination to suggest 
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that the planets “must have their plants and animals, nay and their 
rational creatures too, and those as great admirers, and as diligent ob- 
servers of heavens as ourselves...." Huygens’ view represented an 
early anticipation of the now accepted view, but it had to wait three 
hundred years before astronomers could support it with observations. 
In this respect, the situation is not unlike what has been encountered 
in the development of the theory of biological evolution. Long before 
Darwin, evolution had often been discussed, but it took Darwin many 
years of field work in collecting facts before this concept was developed 
into a scientific theory. 

How have the astronomers’ observations contributed to the under- 
standing of life in the universe? We may mention two aspects: First, he 
has put the problem in the perspective of vast space and time. After 
Copernicus, it was discovered that the sun with its planetary system is 
only a tiny speck in the huge stellar system that is the Milky Way. 
Furthermore, the Milky Way system again is found to be only one of 
numerous galaxies that populate the universe. The successful entangle- 
ment by observations of the hierarchic structure of celestial systems 
eulminated in Hubble's expanding universe. In doing so, the astronomer 
puts the earth in an inconspicuous position. Or, more generally, we 
may say that there is no privileged position in space with respect to the 
distribution of matter in the universe. 

The second part of his contribution has been to verify that physical 
laws that were discovered on the earth or in the solar system can be 
applied to the remote regions of the universe. The first success in this 
direction was, of course, the application of Newton's law of gravitation 
to binary stars, making the law truly universal. But the most significant 
finding with respect to the problem of life elsewhere has been the dis- 
covery of the uniformity of matter. Celestial bodies are found to be 
composed of the same kind of chemical elements as those present on 
the earth. The atoms and molecules in stars emit or absorb radia- 
fion in the same spectral lines and bands as we find them in the laboratory 
on the earth. In short, the law of physics, formulated from our experi- 
ence on the earth, does not depend upon the position in space. There is no 
privileged position in space with respect to physical laws. Consequently, if 
life has appeared on the earth and moreover has developed a high intelli- 
gence, there is no reason why similar phenomena cannot happen elsewhere. 
Under such circumstances one can only conclude by borrowing from 
Legge's translation 1) of Chuangtse: “when life comes, it is because it is 
time for it to do so. When life goes, this is the natural sequence of events." 
This concept of free but universal occurrence of life, I believe, is what the 
astronomer has truly contributed to the understanding of the meaning of 
life. Its socio-philosophical implication is evident since it teaches the ba- 
sic principle that nature is impartial and discriminates in favor of no one. 
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At this point I cannot help but point out a pure coincidence in the 
world affairs (on the earth) and scientific thinking. If we look back on the 
history of the past twenty years and compare it with that before the war, 
there is a definite improvement in the mutual understanding between 
men. We have not been enlightened overnight, but we are going in this 
direction. Interestingly, this transition coincides roughly with the 
period when astronomers are abandoning the collision theory for the 
formation of the solar system and reviving the nebula theory which 
predicts the formation of the planetary system that is necessary for life 
emergence as a universal phenomenon. 

H. Shapley, by observing the distribution of globular clusters, first 
discovered, in 1918, that the solar system should be located near the rim, 
instead of at the center of the Milky Way system. This important dis- 
covery in astronomy, I believe, must have had a tremendous feed- 
back effect on his thinking, because he has become a passionate crusader 
against the narrow “anthropocentric religions and philosophies.” 
However, in his recent book, “The View from a Distant Star,” he did not 
make a systematic exploration of this theme. Rather, the book is a 
collection of his reminiscences and outlook about galaxies, stars, educa- 
tional systems, international cooperation and other subjects in which he 
has found an interest. Indeed, many of the chapters in the book are 
based on lectures and on articles that the author has written from time to 
time. This explains the wealth of subjects that hate beeen discussed in 
this relatively small volume. In each subject, the author has some inter- 
esting points of view. He tells them with wit and originality of style 
very much like a wisé grandfather would to his grandchildren on long 
winter nights, in order to instruct his youngsters as well as to delight 
them. 

As an outstanding scientist with a keen interest in social and inter- 
national*problems he has much to say on many topics in, as well as 
under, the sky. In general, he emphasizes the overall similarity between 
physical phenomena and human events. For example, in the chapter on 
“Stars, Ethics, and Co-existence" he first describes, literally, “the com- 
mon breath of humanity.” Since there are a great many molecules in one 
deep breath, these molecules will in the course of time spread by wind 
over the land and sea and enter the breath of every man, woman and 
child in the entire world. He then goes on to talk about physical events 
such as the propagation of waves that are necessarily international and, 
finally, leads to a discussion of coexistence between this country and 
USSR. His wisdom and his love for mankind can be seen everywhere in 
the book. It will certainly nourish the mind of young intellectuals 
whom, I believe, the author has set himself to address, and provide 
them food for thought. 

The title of the book, “The View from a Distant Star” is a happy one 
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because it is otherwise difficult to describe this all-inclusive ahd broad- 
scoped booklet that is a collection of reflections and wisdom of an em- 
inent scientist of this century. The subtitle, *Men's Future in the 
Universe,” is, however, slightly misleading as only a small part of the 
book deals with this problem. 

Shapley’s other book, “Of Stars and Men,” published for the first time 
in 1958, and revised in 1964, is a more systematic treatment of he 
author's stand than “The View from the Distant Star." It starts with a 
general introduction of cosmography—a term used by the author to 
describe ‘‘the field of study that has the same relation to the cosmos that 
geography has to the earth"—which provides a good introduction for 
acquainting the reader with the universe we live in. It goes on to describe 
cosmic chemistry and the possibility that life may appear elsewhere 
because of the large number of stars that are present in the universe. 
Finally, the origin of life on the earth, the sense receptors in the animal 
world and the grim future hazards of the human race are discussed to 
conclude the book. The central theme of the book concerns the position 
of mankind with respect to nature. 

The troubles we encounter in our world may have too many causes to 
be enumerated, but not the least are human conceit and bias. Shapley’s 
book is a good antidote for this human weakness. For this reason, the 
book should be recommended and on the list of required reading not 
only in science, but dso in sociology courses in every high school in the 
world. For the record, Shapley has not discussed sociological problems 
in this book. But any one who has read it will be taught a good lesson of 
open-mindedness, and an open-mindedness in dealing with our fellow 
men perhaps may ease many thorny problems that now face mankind. 

From its attractive format, the revised edition of this book may 
indeed be issued with the purpose of presenting it to student readers. 
It is now beautifully illustrated and clearly printed on paper*of good 
quality—_a far cry from its unpretentious first edition. On the other hand, 
there are no major changes in the text from the first edition, apart from 
an addition of a short index and a splitting of one chapter into two. 


Emergence of Intelligence—A. Biological Problem 


If we take a look at living beings around us, we must be impressed 
by their great varieties. Actually, they represent only a fraction of what 
has existed on the earth. If we further remember that all the living things 
that have ever appeared on the surface of the earth might have descended 
from the same unicellular organism that emerged by chance in the early 
phase of the earth’s existence, we cannot avoid the conclusion that, even 
if the basic chemistry of life elsewhere is due to the same carbon reactiv- 
ity that is well known to us, the actual forms of life in other worlds and 
their evolutionary sequences must have an extremely wide range of 
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possibilities. Thus, the appearance and evolution of living organisms 
should behaye like the chess game or more properly the Chinese game 
of “GO” p (Wei-ch’i in Chinese) which is now more popular in Japan 
than in China. ; i 

In this game of GO, two players start with an empty board on which 
there are 19 X 19 = 361 vacant spots at the intersections of two sets 
of mutually perpendicular lines and take turns in placing their stones, 
one at a time, in any of the vacant spots on the board. From time to time 
one or more stones can be captured by the opponent and removed from 
the board. The spots where stones have been removed become once again 
vacant and ready for further placement by both sides. Hence, without 
understanding the rules of the game, one can immediately realize that 
the chance of playing two games in an identical way is vanishingly 
small. 

The living organisms of course, face more varieties of choices in each 
step in their evolutionary sequence than the GO players do. Perhaps it is 
due to this reasoning that Shapley is not an enthusiast for interstellar 
communication in spite of his keen interest in the general problem of 
life in the universe. He said, in The View from a Distant Star, ‘Perhaps 
we should first attempt reciprocated communication with non-human 
organisms here on the earth—say with a vegetable or a scarab beetle, 
or a termite queen-mother who represents the highest natural societal 
organization known on this planet. Foolish sugg$stions, yes, but they 
suggest the difficulty and probable impossibility of interplanetary com- 
munication.” 

Shapley’s idea is shared by others like G. G. Simpson (Paleontologist) 
and H. F. Blum (Biologist). They argue that the chance of taking the 
direction towards intelligence in biological evolution is small and ques- 
tion the wisdom of their fellow scientists for talking about interstellar 
communication or even exobiology. 

On the other hand, we may also argue that although there are a large 
number of ways that biological evolution may actually proceed, a 
large fraction of them may tend toward high intelligence. For, after all, 
evolution is not a blind process; it must be guided by natural selection. 
Just like the game of GO, the better player always ends up by winning 
the game; so in the game of biological evolution. Living organisms that 
can adapt to their natural environment always have a high chance of 
emergence and survival. 

In a recent article in this journal, R. Bieri (s), a biologist, gives a 
convincing argument in favor of the inevitable emergence of intelligence 
in the course of biological evolution. He concluded: “Given the ninety- 
two known, naturally occurring elements, the forms of energy available, 
and limited time, the number of alternative solutions to the major 
steps leading to a conceptual organism are strictly limited. The phe- 
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nomenon of convergent evolution is so widespread in both the plant and 
animal kingdoms that it needs no special elucidation here. Suffice it to 
say that the evidence shows that, again and again, animals and plants 
have independently evolved not only similar structures but also similar 
biochemical systems and similar: behavioral ‘patterns as solutions to 
the same fundamental problems.” 

In presenting these two opposing views, Il: do not pretend to knew 
which one has a stronger argument than the other. But it clearly shows 
that the basic uncertainty concerning life in the other worlds lies in the 
domain of biological science. For this reason, I had great expectations 
for the book, "Worlds Without End” subtitled *A Reflection on Planets, 
Life and Time”. by N. J. Berrill because the author is a zoologist. 
However, after I have read through the book, I find myself in a most 
disappointed mood. Actually, one: does not have to go very far in the 
book before he réalizes that the author not only has nothing new to say 
on this subject but also is ill-prepared for what is already known. In the 
first two chapters of 31 pages, the author quoted long passages of science 
fiction in five places with a total length of eight pages and mentions 
Jules Verne four times. It gives the impression that only writers of 
science fiction know anything about Venus and the Moon, for these are 
two subjects discussed in the first two chapters. Not a single name among 
many modern astronomers who actually observe Venus and the Moon 
is mentioned, let alore quoted. The trend of quoting science fiction at 
length is not limited to the first two chapters but is a conspicuous feature 
of the entire book. 

Although the book covers oono problems in about two-thirds 
of the volume, it is reasonable to suspect that the author has received 
little formal training in astronomy. This suspicion may be seen from the 
dubious and ambiguous statéments the author made in the book. For 
example, we find on p. 70, “According to Kepler’s rule of location of 
planets, à planet should exist between Mars and Jupiter, . . ." Again on 
p. 182, "After all, Kepler found the rule for spacing and left room for the 
undiscovered asteroids in an empty orbit between Jupiter and Mars." 
It is evident that the author is confused between Kepler's law of motion 
of planets and Bode's law of planet spacings—an obvious mistake that no 
one who has ever taken &.course on elementary astronomy would 
easily make.’ 


Iniersiellar Communication 


The debate on the emergence of intelligence from the biological point 
of view has been overshadowed by the more exciting and fascinating 
discussions of interstellar communication, and even of interstellar travel, 
from the technologieal point of view. “Interstellar Communication” 
edited by: A. G. W. Cameron and “We Are Not Alone” written by 
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W.. Sullivan are two representatives of this tendency. They describe the 
outlook of life in other worlds and the consequent possibilities as seen, 
mainly, by physical scientists and engineers. The fact that both books 
treat the problem in this way is not because the books are intentionally 
biased in favor of the technological point of view but because little has 
been written from the biological point of view. From what we have al- 
ready said in the previous section, the relative reluctance of biological 
scientists in dealing with the problem at hand is understandable. How- 
ever, this leaves the discussion of this important problem incomplete. 
The situation may best be illustrated by the construction of a building. 
Astronomers, by their finding of the universality of matter and physical 
laws in the universe, have built the foundation which made a scientific 
discussion of life in the universe possible. Now physical scientists in 
other fields have found means for interstellar communication. In our 
example, it means that a magnificent roof of the building has been built. 
But between the foundation and the roof little has been constructed, 
leaving the roof somewhat dangling in the air without support. To fill 
up the gap, discussions by biologists, such as the one by Bieri [s] quoted 
before, are urgently needed. 

Sullivan, science editor for The New York Times, keeps up the tradition 
of this newspaper by reporting every idea and every speculation ad- 
vanced in the past several years that he has either found in the literature 
or heard in meetings or interviews. In many case&, he traces the history 
of the topic to the very beginning and provides the reader with a nec- 
essary background in every instance whether in astronomy, in biology, 
or in whatever field he is treating. It is apparent that, before he wrote 
this book, he had done a thorough research himself. Indeed, his thorough- 
ness in reporting the life problem outside the earth can be attested to by. 
the fact that, for the last several pages of the book, he has summarized 
some discussions, by both clergy and laity, on the spiritual significance 
of life in outer space. ANS 

'The book is easy to read, and both scientists and laymen will find it 
interesting. If any one has a desire to learn something about the present 
State of our knowledge about extra-terrestrial life, this is the book to 
begin with. If he becomes fascinated with any particular problem, the 
author provides, at the end, an extensive bibliography for his further 
study. 

What I myself find most interesting is the chapter on “Wax and Wig- 
glers" which treats the question of whether the carbonaceous materials 
of some kind of meteorites (Orgueil) have their origin in extra-terrestrial 
life. Sullivan describes vividly the arguments—scientific as well as 
emotional—used by both sides in this great debate and finally concludes 
by observing “The Orgueil debate is a classic example of a scientific 
discussion become personal, emotional and enmeshed with professional 
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pride. The talents and ingenuity of participants have been directed 
toward proving their case, rather than seeking out the truth. They have 
thus demonstrated that they are human, but the wonderful self-dis- 
cipline and objectivity that we call pure science has suffered.” Actually, 
in the entire book this may perhaps be the only place that the author 
injects his personal opinion. Elsewhere he has kept his function purely 
as an objective reporter—a, not surprising fact if we remember his back- 
ground as science editor with The New York Times. 

“Interstellar Communication” is a scientific anthology that includes 22 

reprints of papers published originally in the period 1959-1962 and 10 
articles written specially for this book. Some of the latter are written by 
the editor himself and provide a general astronomical background of 
the subject. This collection reflects the state of mind of some scientists 
(mostly physical scientists) as regards the emergence of life in the uni- 
verse and its technological implications, such as interstellar communica- 
tion and travel, at the dawn of the space age. Therefore, the collection 
serves three purposes, for popular reading, for inspiring further studies 
and as a record of the time. The value of popularization of this collection 
is somewhat reduced, a little more than one year after its publication, 
by the appearance of Sullivan’s book mentioned previously because the 
latter discusses, among other things, the essential points contained in 
nearly all the articles in Cameron’s collection. Of course, papers in 
Cameron’s collection are most original and go into more technical 
details than can be obtained from the book by Sullivan whose purpose 
is solely for popular information. Hence, for references of scientists 
themselves and a record of their prophets in the early stage of a new 
branch of science, Cameron’s collection cannot be surpassed. 
- Ours is the age of technology. No one can deny its powerfulness and 
influence if he just takes a look at the progress it has made if the past 
generation. The atoms have been tamed so that they can be split or fused 
according éo our wish. The gravity of the earth has been overcome so that 
we are now ready to go to the moon and eventually to other planets. 
Now we begin to see even the means for communicating with tech- 
nological societies in the other parts of this vast galaxy. Ironically, how- 
ever, we have not yet discovered a sure way to communicate with each 
other with understanding between beings on this little earth. 


Super-cwilization and the Problem of Man’s Future 


A discussion of interstellar communication necessarily leads to the 
problem of “other” civilization or civilizations we can communicate with. 
Since we are only on the threshold of such a venture, it immediately 
follows that a civilization that can be contacted must be more advanced 
than ours. Consequently, a great deal has been said of the so-called 
“super-civilization.”’ Three scientists boldly and drastically have sug- 
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gested three possibilities that beings in these supercivilized societies 
might do with their super-technology. 

In 1960, F. J. Dyson (theoretical physicist) of the Institute for Ad- 
vanced Study, Princeton, N.J., argued, in the words of Sullivan, that 
“the population growth in such worlds would have continued to press 
the limits of available sustenance, as set forth in the theory of Thomas 
Robert Malthus at the end of the eighteenth century. The limiting 
factors in such a situation would be the available material and the avail- 
able energy. Both of these shortages could be met by dismembering one 
or more planets of that solar system and using the material to build a 
shell completely enclosing the parent star. The entire energy radiated by 
the star would then become available—40,000 billion times that which 
falls on the earth.” 

R. N. Bracewell (radio astronomer) of Stanford University has another 
idea for what super-civilizations would do. He argued that, instead of 
scanning the candidate stars with the radio telescope for the telltale 
voice of other communities in the galaxy, a super-civilization would send 
automated messengers to orbit each candidate star in order to find out 
whether a technological civilization has reached maturity there. Ac- 
cording to him, such a messenger would be powered by light from the 
candidate star and therefore resemble some of our own space probes ex- 
cept in different.scales in time and space. He further points out that such 
a messenger “may be here now, in our solar sysfem, trying to make its 
presence known to us” and mentions the strange radio echoes which he 
thinks have never been satisfactorily explained. 

: Finally, C. Sagan (astrophysicist) of Harvard University has an even 
more ambitious scheme for super-civilizations. He sees travels in inter- 
stellar space as a real possibility, perhaps even a necessity. For he said; 
“Tf reopens the arena of action for civilizations where local exploration 
has been completed; it provides access beyond the planetary frontiers, 
where the opportunities are limitless.” Consequently “a central galactic 
information repository” may be established in order to assemble the 
knowledge of galactic communities. 

I cite these. three examples all of which are included in Sullivan’s book 
(two of the original papers are included in Cameron’s anthology, while 
Sagan’s work came out after its publication) not only because they are 
extraordinary but also because they induce me to ask the question: 
will our own technological civilization reach this super-state? 

The three scientists just mentioned did not touch on these questions. 
However, by assuming the appearance of super-civilizations in the 
galaxy, they tacitly imply a great future for the technological civiliza- 
tions of our own. Such an inference, however, is at variance with the con- 
clusion derived some years ago by two other scientists. Each of them 
wrote a book that discusses the future of man and his civilization. I 
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refer to “The Next Million Years" by Charles G. Darwin [4], grandson 
of the author of the "Origin of Species" and a well-known physicist him- 
self, and “The Challenge of Man's Future" by H. Brown (geophysicist) 
of California Institute of Technology [5]. These two authors give us a 
bleak prediction for our future. 

Darwin argues that any nation faces a dilemma in adopting a policy 
for its own population. In the first place, if one nation limits its popula- 
tion, it faces the danger of being crowded out by other nations that do not 
follow such a policy. He cites also the other damaging consequences of 
such a policy. On the other hand, without suitable restraint on the 
population in the world, the future of man can only be involved in a 
bitter struggle for food and survival. Therefore, Darwin concludes that 
the civilization of man on the earth is at its peak now and we can look 
for nothing in the future but its decline. 

While Darwin discusses in his book the long range future of man from 
certain general principles that he assumes, Brown’s book, which Einstein 
called an objective book of high value, concerns our immediate future by 
presenting first the statistical data about the world population, resources, 
and the rate of consumption of these resources. From these data and the 
present world situations with respect also to the population, resource, 
and industrialization, Brown sees three possible patterns of life '"The 
first and by far the most likely pattern is a reversion to agrarian ex- 
istence ...as the second most likely possibility, (it is) the completely 
controlled, collectivized industrial society. The third possibility con- 
fronting mankind is that of the world-wide free industrial society in 
which human beings can live in reasonable harmony with their environ- 
ment." Brown does not think the third possibility can ever exist for long 
but still gives a high hope that it will if we prepare ourselves in time. In 
any case, both Darwin and Brown do not have such high expectations for 
the advanced technology that are implicitly contained in suggestions by 
Bracewell, Dyson and Sagan. 

If we now examine the background of these five scientists, we find that 
they are all outstanding in their respective fields of physical science. 
But the future of the technological civilizations they foresaw are com- 
pletely different. Such diagonally different expectations of our future 
reflect the difficulties and uncertainties that are involved in the human 
relationship that defies a rigorous analysis such as we find in physical 
science. 

My point in presenting this case is not to express my own view on this 
problem. Honestly, I am greatly impressed by the arguments of Brown 
and Darwin on the one hand and still maintain a great expectation for 
our own technological civilization as envisaged by Bracewell, et al., on 
the other. The point I want to make is more earthly and of a much 
shorter time scale than they discuss. It concerns the state of. mind of 
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man, in a time scale in terms of a generation instead of a millennium. 

Physical scientists and the great majority of the general public alike 
are now elated by their past successes and become exceedingly confident 
in their ability for molding a glorious future for mankind. Progress ap- 
pears to them to be without limit and the great expectations reflect this 
high mood of euphoria. This mood bears some resemblance to the way a 
chéld entertains himself in the evening before he is taken to a carnival 
that he has never attended before. For this reason, we may take these 
great expectations of technological possibilities as romantic lyrics that 
pay homage to the mighty of technology as well as express the joy of us 
scientists in this generation that follows the opening of the space age. 
Since it is this state of mind that actually helps us make progress, as 
recently amplified by Schwarzschild [e] in his statement before the 
Committee on Aeronautical and Space Sciences of the United States 
Senate, we should cherish it. 
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II, The Problem of Human Thought 


By S. GLUCKSBERG 


Thinking: From Association to Gestalt by J. M. MANDLER & G. MANDLER; 300 pages; 
$4.95 cloth; $2.95 paper; John Wiley & Sons, 1964. The Act of Creation by A. 
KozsTLER; 751 pages; $8.95; The Macmillan Co., 1964. Structure & Direction in 
Thinking by D. E. BenuyNx; 378 pages; $8.95; John Wiley & Sons, 1965. 


qm THREE books provide an intriguing set of contrasts to the 
reader interested in the problem of human thought. 'The Mandlers' 
volume is a carefully selected collection of writings on thinking, spanning 
the history of the problem from Aristotle to Duncker’s 1935 classic 
monograph on problem-solving. Included are several heretofore untrans- 
lated works, notably the selections from the works of Otto Selz, G. E. 
Müller, and Oswald Külpe. The editors offer a lucid introduction 
explaining their choice of material. They chose to follow & particular 
-line of development in the history of the problem of thinking, a line 
that traces the rise of British associationism through the Wurzburg 
psychologists, culminating in the Gestalt tradition in America. While 
this decision precludes a complete history of the study of thinking, it does 
make possible the presentation of a unified, systematic series of vignettes, 
connected by perceptiye commentary by the editors. This is not simply a 
grabbag collection of celebrated essays and articles, but & thoughtfully 
selected and arranged sequence of writings, set in context by the editors' 
running commentary. Anyone interested in a brief and delightful 
introduetion to the history of the problem of thinking will profit from this 
book. 

The Mandlers explicitly ignore the development of behaviorism from 
Pavlov to the present on the grounds that any consideration pf this 
development should be & part of & study of contemporary work in 
thinking. “Koestler, in his monumental volume, The Act of Creation, 
disagrees. Behaviorism, Koestler contends, is dead and buried circa 1930, 
and deserves to be resurrected only as a convenient whipping boy. 
Koestler's work is at the same time fascinating and, if taken as a serious 
scientific contribution, infuriating. Perhaps the most cogent description 
of his book might be impressed upon the cover in the form of a heraldic 
device: brilliant analogy rampant on a field of ingenious speculation. 

'The first half of Koestler's work is intended for the interested, intelli- 
gent layman, and considers all possible acts of creation, from humor 
through art to science. The second half, intended as a serious technical 
contribution, reaches the same conclusion as the first half after considera- 
tion of a wealth of material from biology, philosophy, physics, chemistry 
and, in general, the history of science. This conclusion is that the creative 
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act, from banal pun to sublime discovery, occurs unconsciously via the 
bisociation of two matrices. Bisociation differs from association by 
virtue of the prior separation of the two elements involved in terms of 
matrix membership. If idea A and idea B occur together for the first 
time, then the coincidence is judged as creative or noncreative on the 
basis of whether or not ideas A and B were, prior to their coincidence, 
members of the same matrix. If idea A and idea B were members of the 
same matrix, then the act is not creative. If they were each members of 
separate matrices, then the act was creative. 

This formulation is, of course, an elegant and literate restatement of a 
time-honored notion, occurring throughout the writings of the British 
associationists. It occurs as well in the work of contemporary American 
and Russian writers, including those who are working within the stimulus- 
response framework so heartily despised by Koestler. Unfortunately, 
Koestler suggests no techniques for classifying events, acts, processes, or 
anything else as matrices. Further, bisociation and association are 
distinguished only by fiat, and not by specification of discriminative 
characteristics other than that the former is creative, the latter not so. 

` In short, this can in no sense be considered a serious scientific contribu- 
tion. It is vastly entertaining, even brilliant, but Koestler is essentially 
anti-scientific. He displays extraordinary gullibility when reporting 
phenomena which fit his ideas (e.g., magpies are described as singing 
antiphonally), and an equally extraordinary capacity to ignore or 
distort vast amounts of material that are not congruent with his thinking 
(e.g., “. . natural law (sic) is replaced by Pavlov’s law...” [p. 565]). 
The book is recommended as an encyclopedic essay that can be profitably 
mined for nuggets of cocktail hour conversation and anecdotal gems 
suitable for embellishing undergraduate lectures. . 

Berlyne's book, Structure and Direction in Thinking, could well have 
been written as a direct rebuttal to Koestler's position. As opposed to 
Koestlers paleoassociationism (Koestler’s term), Berlyne offers a 
neoassociationistic approach to directed thinking. Demonstrating 
considerable epistemological sophistication, Berlyne first presents an 
outline of an -associationistic formulation which integrates current 
English-, Russian-, and French-language psychology. 

Berlyne then deals with the problem of differentiating between (a) 
autistic, reverie-like thinking, and (b) directed thinking, by postulating 
two kinds of thoughts. The first, situational thoughts, represent the 
external world or specific states of the external world. The second, 
transformational thoughts, constitute the mental operations which change. 
the original situational thought into a different one. For example, think of 
the number three. If we are instructed to find the fourth power of that 
number in our heads, we might first think of 3? = 9. The operation of 
squaring, or performing the operation 3 X 3, constitutes a transforma- 
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tional thought which changes the original situational thought, 3, to the 
new situational thought, 9. Continuing until we reach 3,‘ we have a train 
of directed thought consisting of alternating situational and transforma- 
tional thoughts. Free association, lacking transformational thoughts, 
constitutes undirected or autistic thinking. 

This formulation permits Berlyne, in the second third of the book, to 
translate much of Piaget’s formulations of the development of thinking 
into a mathematical formalization employing concepts and principles 
deriving from the vast body of Russian.and American literature on the 
formation and strengthening of associations. For example, transforma- 
tional thoughts, or responses, are shown to be capable of structural 
arrangements in compound habit-family hierarchies. Habit-families, 
in turn, are further shown to correspond, in special cases, to characteristics 
of groups (in the mathematical sense). Those formal properties of groups 
which are required to account for such behavioral phenomena as quantita- 
tive-invariance judgments are then specified. 

In its present stage, the translation of Piaget into associationistic 
terms is only programmatic, as was Dollard and Miller’s effort to repro- 
duce psychoanalytic theory in terms of behavior theory. Berlyne is well 
aware oi the preliminary aspects of this work: “It is evident that a 
great deal more spade work will have to be done before rigorous and 
fruitful hypotheses about transformational thoughts can be laid down 
and predictions dedficed from them can be tested" (p. 123). Bringing 
Piaget's ideas to English-speaking psychologists in terms of familiar 
concepts would be contribution enough. Berlyne's own formalization 
promises to be fruitful in its own right. 

The final third of the book concerns motivational aspects of directed 
thinking, and includes a consideration of the relations between motiva- 
tion and the formal mechanisms proposed earlier. 

In summary, each of the three books is highly recommended. The 
Mandleys’ collection provides an excellent historical review of one line of 
development in the history of the study of thought. Berlyne presents a 
tightly organized formulation of directed thinking, with a broad review 
of motivational factors involved in thinking. Both are to be re- 
garded as serious contributions to our understanding of the thought 
process. Koestler, whose treatment is certainly the broadest of the three 
books considered, is fascinating, sparkling, and unconvincing. Neverthe- 
less, it is an intellectual tour de force well worth dipping into. 
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graph courtesy of Mr. Bern Dibner, The Burndy Library, Norwalk, Conn. 
Salute to 


GREGOR JOHANN MENDEL 


who in February and March 1865 communicated to the Society of 
Naturalists in the town of Brno (Brünn), Czechoslovakia, the results 
of his experiments on hybridization of varieties of common garden 
peas, grown in his monastery garden. 
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Thin-layer chromatography caught 
on about four years ago. Now 
anybody who claims knowl- 
edge of how to identify or syn- 
thesize substances and finds 
himself vague about TLC 
should worry a little. He has 
been washed up from the main- 
stream and had better take 
measures. He will not read far 
or listen long before the 
thought strikes that he should 
learn the technique for coating 
slurries of adsorbents like silica 
gel on glass plates. At chemical 
and biological labs the world 
around, a goodly chunk of the 
working time is now devoted 
to this art. Many fine tricks 
influence the homogeneity and 
isotropy of the coating and the 
level of activation imparted to 
it. No sooner having learned 
of them, he can now forget 
them. 

He is just as well off as the 
eager beavers who couldn’t 


wait until the messiness was 
eliminated by us, who got our 
start 85 years ago in relieving 
photographers of the need to 
coat their own plates. 

Now we have a mighty force 
of chemists and respected tech- 
nicians of our own. During 
recent months doubts have 
been deftly planted in their 
minds about the wisdom of 
drawing pay for such essen- 
tially mindless tasks as coating 
their own chromatoplates, ex- 
cept where some special tech- 
nique still demands glass or an 
adsorbent other than silica gel 
bound with polyvinyl alcohol. 
They have been persuaded to 
weigh the importance of these 
special techniques against costs 
of preparing glass chromato- 
plates, of documenting the re- 
sults shown by the chromato- 
gram, of storing the bulky 
things for reference, of re- 
covering the expensive edged 


high-priced drudgery diminished...  .  - 
a new plate that will go far 


glass for reuse. 

For general work they have 
begun to standardize on a 
poly(ethylene terephthalaté) 
sheet on which 1004 of fluores- 
cent (or non-fluorescent), 
PVA-bound silica gel of our 
own preparation and control 
has been coated, not manually 
but by a manufacturing organ- 
ization that owes its, robust 
health largely to its precision 
in depositing thin layers of one 
thing on another. 

As EASTMAN CHROMAGRAM Sheet, 
this new polyester TLC medium— 
scissors-prone, conveniently flexible 
but not limp, unbreakable, sending up 
no clouds of siliceous dust to breathe— 
can now be obtained from a nearby 
lab supply house. If the price they 
quote for a box of twenty 20cm x 20cm 
sheets does not bring pangs of guilt 
about continuing to coat by hand, your 
problem is obviously one of excess 
staffing. If you hesitate only because 
you want to try it first, request a 
sample of EASTMAN CHROMAGRAM 
Sheet from Distillation Products In- 
dustries, Rochester, N. Y. 14603 (Divi- 
sion of Eastman Kodak Company). 





The trouble with astronomers 
Astronomy has probably done 
more for us than we have done 
for astronomy. 

Some of the deepest chemi- 
cal and physical underpinnings 
that support us as we cheer- 
fully manufacture $n X 108 
worth of photographic mate- 
rials this year were driven 
down to bedrock because as- 
tronomers were analytical- 
minded users of photographic 
materials, though unable to 
match boardwalk tintype art- 
ists for volume of consump- 
tion. 

The trouble with astrono- 
mers is still their ptucity. Yet 
here we go, proudly announc- 
ing the Kopak Special Plate, 
* Type 080-01, that halves ex- 
posure time for the faintest of 
stars, nebulae, and their spec- 
tra, or alternatively, estab- 
lishes new extremes in faint- 
ness. Since, in the class of 
Observations where it is not 
extraneous light that imposes 
thelimit, penetration is bought 
with exposure time and focal 
length, and since the world 
supply of telescope time on 
serious focal lengths defines a 
rather cozy little customer- 
community of astronomical 
frontiersmen, questions of 
commercial sanity might well 
be raised. 

No, the explanation is not 


so simple as that this emulsion 
research will soon pay off in 
shooting cowboys on dimly lit 
saloon sets for TV. A deeper 
understanding now reveals 
weakness in conclusions drawn 
from studies of fast films de- 
signed for other purposes than 
to distinguish threshold light 
signals from darkness. That 
the earthlier applications of 
photography use fractional- 
second exposures instead of 
hours is only part of the dif- 
ference. 

With rival claims now re- 
assessed, photographic detec- 
tion has been restored to its 
former eminence in the astro- 


nomical observatory. How can 
we now possibly stand it to 
refrain from jumping in? To 
whom shall the astronomers 
turn if not to us? 

Not many men pull on their 
shoes in the morning with the 
thought, “Today PI ship 
something that will probably 
expand the visible universe." 
It's fun to make a galaxy like 
Messier 32 grow: 
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This business, yielding a revenue inverse to its cosmic scope, is conducted by 
Special Products Sales Division, Eastman Kodak Company, Rochester, N. Y. 14650. 





Kitt Peak National Observatory recorded the very large and faint planetary nebula 





NGC 7293 in Ha light with (left) the former best choice, KODAK Spectroscopic Plate, 
Type 103aE, and (right) the new KODAK Special Plate, Type 081-01, an "E"-sensi- 


tized version of our new breed, 








THE SCIENTISTS BOOKSHELF 
By Hugh Taylor, the Associate Editors, and Guest Reviewers 


SEE INDEX AT END OF THIS SECTION 





Int?rnal Factors in Evolution by 
L. L. Warre; 128 pages; $4.00; 
George Braziller, Inc., 1965. 


This short book is remarkable in 
many ways. Lancelot Law Whyte is not 
a biologist yet he has, in this crystal 
clear essay, put his finger on & problem 
that is central to biology. In some ways, 
the very elarity of the writing will be & 
disadvantage to him for it is easier to 
attack a man if one understands exactly 
what he says. However, I do not think 
one can disagree with his main theme; 
the only differences that might arise are 
on the use of words and the originality 
of the basic idea. These are relatively 
trivial points and they should not keep 
the reader from the opportunity to do 
some new and eareful thinking about 
rather basic biological problems. 

The idea (whieh unfortunately Mr. 
Whyte refers to as a "surprise") is 
simply that there are two kinds of selec- 
tion; an external Darwinian one and an 
internal one which is independent of the 
adaptability of the organism to a par- 
tieular environment. 'The internal selec- 
tion takes place by the machinery of the 
organism passing upon whether or not a 
particular mutation can survive con- 
sidering the nature of internal milieu. 

This point leads him to stress the 
importance of the development of the 
individual in evolutionary process, for 
each variation or mutation must go 
through the two screening processes of 
the internal as well as the external one. 
He says, “Consider, for instance, the 
school of population statisties, which 
starts with the excellent aim of fully 
objective numerical observations, but 
sometimes slips into asserting that 
population figures provide the only basis 
for a theory of evolution. This is wrong. 
The statistical theory of populations 
must be complemented by a structural 


198A 


theory of individual ontogenesis and of 
its influence on phylogeny. This may re- 
instate a theory of the typology of 
phenotypes based on a typology of 
genetic systems and of proteins, etc.” 

For some time I have been interested 
in the notion that one of the reasons for 
the present day schism between molec- 
ular and evolutionary biology is that 
the relation between ontogenetic proc- 
esses and evolution is unclear and has 
not been well formulated, a conclusion 
that certainly fits in with these views of 
Mr. Whyte. The only place, on this 
issue, where we part company is his 
insistence that development is a period 
of preparation for a stable adult. I would 
prefer to think of organisms as life 
cycles, not adults, and then the under- 
standing of the relation of internal and 
the external factors will be easier and 
more meaningful. 

For some years I have had a problem 
with one of Mr. Whyte's basie notions 
concerning the internal structure which 
performs the selection. However, this is 
a word problem and not a serious one. 
'The ideas of form and organization or the 
new term he uses in this book, coordina- 
tive conditions, always seent to me mis- 
leading. By the very elegance of the 
words, they seem to imply that more is 
known of how the inside of an organism 
is put together than is in fact the case. 
There would appear to be a human foible 
whieh consists of obtaining comfort 
from grand words; their very grandeur 
implies a greater understanding than is 
justified. Entelechy apparently gave 
Dreisch this comfort, and even though a 
favorite sport for the last fifty years has 
been castigating him for this concept, I 
often wonder whether, in less bold ways, 
we do not all seek the same kind of com- 
fort in particular words. So many times 
I have heard level-headed experimental 
biologists say that the great unsolved 


LUNAR HOSTILITY e MANNED SPACE FLIGHT * ROCKETRY * 
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problem is that of biological organiza- 
tion, and I immediately worry whether 
or not by saying this we are subcon- 
sciously putting the problem on a level 
where it cannot be attacked by science 
or logic. Rather it seems to me that the 
man who firmly declares that there is no 
such thing as a problem of biological 
organization, and spends his time study- 
inge organisms with an open mind, will 
more likely make both scientific as well 
as philosophical advances. 

To return to the concept of internal 
selection, the great difficulty, from the 
point of view of the professional biolo- 
gist, is that he will be inclined to dismiss 
all of this with the remark that it is 
obvious. Mr. Whyte recognizes this 
difficulty, and furthermore discusses at 
some length the work of others who have 
examined the issue in the past. He does 
create the impression that everyone 
else has said something slightly different, 
but I fear the only reason that they have 
not said precisely the same thing is that 
it has been assumed and understood 
from the beginning. For instance, this is 
the whole basis of the lethal mutation 
which has been studied in such detail by 
E. Hadorn. Also, the whole question of 
the restriction of mutation, which raises 
doubts about the wisdom of the expres- 
sion “non-random,” has been discussed 
from many points of view. H. F. Blum 
has stressed the physico-chemical re- 
strictions and C. H. Waddington has 
specifically stressed the internal de- 
velopmental factors to an extent not 
obvious from the author’s historical re- 
view of the subject. 

The point was, in fact, first recog- 
nized when it was realized that natural 
selection involves reproductive success; 
not just over-population and the sur- 
vival of the fittest. In discussing this 
Mr. Whyte says, “The crucial charac- 
teristic of the synthetic theory is a net 
reproductive differential of genetic vari- 
ants, regarded as due to differences of 
adaptive fitness which are thus causes of 
phylogenetic change. This may be taken 
as a definition of Darwinian adaptive, 
or external selection.” 

. But, by defining reproductive success 
in terms of adaptive fitness, he purposely 
eliminates the value of the notion of 
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differential reproduction. He does this 
because he feels that, instead of taking 
cognizance of internal selection, the use 
of relative reproductive success hides the 
whole concept. Its original purpose, 
however, was not to obscure, but to 
recognize the undoubted significance of 
this inner selection. It is a factor which 
had to be included and it is as natural as 
any of the other forms of selection. 

Again, however, we are fluttering 
around in word problems. The fact that 
the standard biologist might object to 
some of the author’s new terms is of no 
consequence. There is an internal selec- 
tion; it is an interesting fact that has 
significance both to the development of 
individuals as well as the process of 
evolution. Mr. Whyte has written about 
it in an unconventional, but exceedingly 
clear fashion. It will be worth our while 
to think about what he says, and sup- 
press the desire to feel superior about 
the way he says it. Sometimes people 
who ignore the club rules have a way of 
prodding one into a bit of new thinking, 
and in this Mr. Whyte has succeeded 
very well.—J. T'. Bonner 

* 


Genetics & Man by C. D. DARLINGTON; 
382 pages; $7.50; The Macmillan Co., 
1964 


It is certainly true that mankind is a: 
biological species, and just as certainly 
false that mankind is nothing but a 
biological species. The “nothing but" 
fallacy has, time and again, stultified 
otherwise legitimate attempts of some 
biologists to use their specialized com- 
petence for elucidation of human prob- 
lems. Understandably, these attempts 
have evoked an equally fallacious reac- 
tion on the part of some social scientists, 
who wish to believe that man has 
escaped from the clutches of biology 
when he became human. As so often 
happens, the truth lies somewhere be- 
tween the extremes; man is an animal, 
but a very extraordinary one. Biological 
evolution has transcended itself when it 
produced man. Mankind is involved not 
in one but in two evolutions, the bio- 
logical and the cultural. These evolu- 
tions are not independent but inter- 
dependent, and connected by feedback 


relationships. 

C. D. Darlington, an eminent bi- 
ologist and the professor of botany at 
Oxford University, is a highly articulate 
and sophisticated exponent of views 
rather close to the biological "nothing 
but” end of the spectrum. The book 
under review is an abridged edition of 
his “The Facts of Life,” first published 
in 1953. Brief descriptions of some 
recent findings in general and in human 
genetics have been introduced (the 
genetic code, relations of lung cancer 
. and smoking, chromosomal aberrations 

in man); the two concluding chapters 
and some comments elsewhere have 
been deleted; the body of the book, as 
well as its “spirit,” are unchanged. The 
author is convinced that what a man is 
or could become is determined by his 
heredity, and that the great environ- 
mental plasticity of the human develop- 
mental pattern is an insidious illusion. 
The assertions that ‘The structure of a 
society rests on the stuff in the chromo- 
somes and on the changes it undergoes,” 
and that “The materials of heredity 
contained in the chromosemes are the 
solid stuff which ultimately determines 
the course of history,” are not found in 
the present edition. However, Darling- 
ton maintains that the environments in 
which people live have been chosen by 
themselves, and that the choices are 
determined by the genes. Thus, “The 
crudely physical and physiological 
properties of the body combine with all 
its other gengtically determined proper- 
ties to decide the modes of life we 
choose. Our choice therefore, in the 
whole sum of our activities forestalls the 
reaction of heredity and environment. 
That is the genetic view.” To some ex- 
tent this is, of course, true; an animal 
can move from a less suitable to a more 
suitable environment, and what is or is 
not suitable may be genetically condi- 
tioned. But as an explanation of the 
human diversity this is completely 
unrealistic. We discover in our child- 
hood, and confirm this discovery daily as 
long as we live, that some environments 
are inaccessible, despite being attractive. 
The first edition of this book, despite 
the brilliance of its style and the great 
erudition of its author, has made few 


converts among scientists; the new 
version is not likely to have any greater 
success.— Theodosius Dobzhansky 


Of Men and Galaxies by Y. Hove; 
73 pages; $2.95; University of Wash- 
ington Press, 1964. 


The 1964 Danz lectures at the Uni- 
versity of Washington, Of Men and 
Galaxies is written in the same appealing 
platform style which was one of the 
charms of his earlier collection of 
lectures, The Nature of the Universe. 
This time, however, Hoyle is discussing 
extraterrestrial life rather than cos- 
mology. He takes up the. now-current 
theme that extraterrestrial intelligent 
life no doubt exists, and examines the 
challenge of establishing communication 
with it. The result is a fascinating little 
volume. 

There are three separate lectures, the 
first of which examines the relationship 
of the creative intellect (such as Hoyle’s) 
to what has come to be known as “Big 
Science.” The second considers the 
relationship of creative intellect to 
society as a whole, and to extrater- 
restrial civilization. Pursuing the 
thought expressed so dramatically in 
his science-fiction work, The Black 
Cloud, he proposes a massive effort to 
effect communication with life beyond 
the earth as soon as possible. 

The third lecture argues that each 
extraterrestrial civilization, tike our 
own, has only one chance to survive 
the revolutionary impact of technology. 
If self-destruction becomes rampant, 
the chance afforded to perfect civiliza- 
tion will have been lost forever, because 
energy supplies will have been ex- 
hausted in the earlier phases of civiliza- 
tion. Hoyle believes that the social and 
technical evolution of intelligent life is 
beyond our control. Instead, the com- 
position of an infinite variety of in- 
finitesimal influences predetermines the 
course of human affairs with great 
certainty. He even goes on to make the 
"religious" hypothesis that the emer- 
gence and development of intelligent life 
has not been a meaningless accident. 
However, he does not suggest a meaning. 
Rather, he urges humanity to crack the 
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e 
The Fungi AN ADVANCED TREATISE 
VOLUME 1: THE FUNGAL CELL 
edited by G. C. Ainsworth and Alfred S. Sussman 


e designed to provide a critical, modern survey 
of a group of microorganisms that are impor- 
tant to basic and applied biology 

e presents the writings of noted international 
scientists currently working in this field in the 
first complete review of the biology of the 
fungi to be written in this century. 

* highlights directions for future research, along 
with discussion of the present status of 
knowledge of the fungi 

¢ critically evaluates information on the fungi 
from the fields of biochemistry, genetics, 
physiology, cytology, ecology and evolution 


(4930) Summer 1965, about 725 pp. 


The Genetics of Colonizing Species 
THE ASILOMAR SYMPOSIUM 


edited by H, G. Baker and G. L. Stebbins 
Summer 1965, about 600 pp. 


The Control of Fertility 


by Gregory Pincus 

FROM THE PREFACE: ‘‘. .. we are confident that 
we have presented in this book the basic facts 
relative to the processes controlling fertility in the 
higher animals . . . the questions demandin 
answers and the probable needed directions o 
further research." 


(P806) April 1965, 360 pp., $9.00 


Biomedical Telemetry 


edited by C. A. Caceres 


FROM THE PREFACE: ''This volume is intended 
to provide an integrated account of the state-of- 
the-art in telgmetry as it affects medicine and 
biology. It encompasses applications in both 
research and routine practice. It is hoped that 
the book will prove useful to engineers, biologists, 
and physicians, who are concerned with planning 
or using systems for research or investigation of 
hysiologic signals, and face problems of moni- 
oring patients and subjects. 
“The chapters were planned to provide back- 
ground in the history, goals, needs and descrip- 
tions of basic principles of good telemetry. Thus 
sections cover telephone and radio systems, hos- 
ital and patient instrumentation as applicable 
o telemetric techniques, and space medical re- 
quirements. Specific examples of use are given 
primarily to point out the operational problems, 
give details on methodology and describe attain- 
able results. 


(C050) Summer 1965, about 400 pp. 


Computers in Biomedical Research 
VOLUME 1 

edited by Ralph W. Stacy and Bruce D. Waxman 
(S580) May 1965, 562 pp., $20.00 


Thermodynamics of 


. 
Certain Refractory Compounds 
VOLUMES 1 AND 2 
edited by Harold L. Schick 
* provides critical analyses and up-to-date 
thermodynamic tables for over 160 sub- 
stances; materials studied were selected from 
the refractory borides, carbides, nitrides, and 
oxides of 31 metallic elements, as well as the 
pure elements 
The thermodynamic tables generally cover the 
range 0-6000°K. Functions tabulated include heat 
ca acity, entropy, free energy functions based on 
298.15°K, heat content, free energy of formation 
from the elements in their standard states, heat 
of formation, and log Kp- 
Volume 1: DISCUSSION OF THEORETICAL 
AND EXPERIMENTAL STUDIES 
(S075) Summer 1965, about 600 pp. 
Volume 2: THERMODYNAMIC TABLES, BIB- 
LIOGRAPHY, AND PROPERTY FILE 
(S077) Summer 1965, about 700 pp. 


The Kjeldahl Method 


for Organic Nitrogen 
by R. B. Bradstreet 


* presents a comprehensive survey of the Kjel- 
dahl method for organic nitrogen and its modi- 
fication$ as applied to natural products and 
organic materials 

e contains a bibliography of published papers 
covering the entire period from the inception 
of the Kjeldahl method 


(B692) Summer 1965, about 250 pp. 


Starch chemistry AND TECHNOLOGY 
VOLUMES 1 AND 2 
edited by Roy L. Whistler and Eugene F. Paschall 


* presents recent discoveries fundamental to 
the understanding of starch, coupled with the 
expanded uses of starch in both food and non- 
food applications, thereby making this author- 
itative two-volume treatise an important refer- 
ence work M 

Volume 1: FUNDAMENTAL ASPECTS 

(W390) Summer 1965, about 550 pp. 

Volume 2: INDUSTRIAL ASPECTS 

(W392) In preparation 





New Volumes 
ORGANIC CHEMISTRY SERIES 


Volume 3 


Conformation Theory 


by Michael Hanack 
Translated from the German by Helmut Neumann 
(H122) April 1965, 382 pp., 914.50 


Volume 4 


Fundamentals of 


Carbanion Chemistry 


by Donald J. Cram 
(C867) June 1965, about 300 pp. 
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Thermoanalytical Methods 


of Investigation 
by Pou! D. Garn 


* covers differential thermal and thermogravi- 
metric analysis in detail including brief de- 


scriptions of related techniques 


* rigorously develops the elements of control 
and recording, comparisons of power sup- 
plies, and programming methods 

* includes a detailed explanation of the effects 
and uses of static and dynamic atmospheres 
as well as self-generated atmospheres 
describes techniques for detection, measure- 
ment, and identification of effluent gases; the 
methods advanced for quantitative treatment 
of thermogravimetric and differential thermal 
analysis curves are criticized 


(G188) June 1965, about 600 pp. 


Optical Circular Dichroism 


PRINCIPLES, MEASUREMENTS, AND 
APPLICATIONS 


by Léon Velluz, Maurice Legrand, and Marc Grosjean 


Translated from the French manuscript by Dr. 

John MacCordick. 

Published jointly by Verlag Chemie and Academic 
ress. 


(V140) March 1965, 247 pp., $10.00 


Basic Developments in 


Fluid Dynamics 

VOLUME 1 

edited by Maurice Holt 

(H828) Summer 1965, about 565 pp. 


Optical Physics 
by Max Garbuny 


FROM THE PREFACE: ''... To describe by means 
of a unified treatment the various interaction phe- 
nomena, their experimental and theoretical ex- 
ploration, and their applications, that is the pur- 
pose of this book. 


(@186) June 1965, 466 pp., $14.50 
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Applied Optics 


and Optical Engineering 


A COMPREHENSIVE TREATISE IN 5 VOLUMES 
VOLUMES 1 AND 2 


edited by R. Kingslake 


* provides the precise data and information 
needed by an optical engineer in the design, 
construction, and testing of new optical de- 
vices 

* assists those who use optical equipment both 
in selecting a suitable instrument for specific- 
ally postulated work and in understanding the 
details of the operation and use of each in- 
strument 


Volume 1: LIGHT: ITS GENERATION AND 
MODIFICATION 

(K410) April 1965, 423 pp., $15.00 

(X409) Subscription price: $13.00** 

Volume 2: THE DETECTION OF LIGHT AND 
INFRARED RADIATION 

(K412) July 1965, about 400 pp., $15.00 

(K411) Subscription price: $13.00** 

** Subscription price is valid on orders for the set received prior 
to publication of the last volume. 





Plasma Diagnostic Techniques 


edited by Richard H. Huddlestone 

and Stanley L. Leonard 

Volume of Pure and Applied Physics 

* presents techniques for measuring properties 
of laboratory plasmas; itis the first such book 
which surveys the entire range of experimen- 
tal techniques currently available for this pur- 


pose 
(H924) Late Summer 1965, about 690 pp. 


Information and Prediction 


in Science 


edited by S. Dockx and P. Bernays 


Proceedings of a Symposium Sponsored by the Academie 

Internationale de Philosophie des Sciences, held in Brussels. 

« explores the processes by which the human 
mind establishes a law of science from experi- 
mental information : 

» includes other discussions of formal informa- 
tion theory as well as the general problem of 
exchange of information; analyses of both 
topics are made within the frameworks of 
logic, mathematics, physics, biology, and 


philosophy 
(D630) April 1965, 272 pp., $9.50 
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extraterrestrial communications prob- 
lem—to “get our name in the galactic 
directory” as he puts it. In this en- 
deavor, Hoyle holds out the hope for an 
extraordinary breakthrough in human 
development. At last, we would be in 
contact with civilizations which, by 
definition, would have succeeded in ad- 
vancing to a high level without de- 
stroying themselves. 

Hoyle’s views on human affairs are 
every bit as challenging as those on 
cosmology. Even if the steady-state 
theory expounded in the earlier lectures 
has not proven completely successful, it 
has profoundly influenced developments 
in the field. The same will be true of the 
lectures in this little book.—George B. 
Field 


The Universe & Iis Origin, edited by H. 
Mrssex & S. T. BUTLER; 147 pages; 
$3.75; St. Martin's Press, 1964; 
The Universe of Time & Space, 
edited by S. T. BUTLER & H. MESSEL; 
291 pages; $2.95 paper; The Mac- 
millan Co., Pergamon, 1963; Space 
Physics & Radio Astronomy, edited 
by H. Mzsssr & S. T. BUTLER; 174 
pages; $4.25; St. Martin's Press, 1964. 


The Universe and Iis Origin is a very 
readable book covering the evolution of 
the solar system, stars, and galaxies. 
It is written at the general level and 
will therefore be of interest to high 
school and college students, teachers of 
general science, and the amateur or arm- 
chair astronomer. 

The authors are well chosen for the 
particular fields that they cover. In 
particular, Prof. Bart J. Bok in chapters 
6, 7, and 8, gives an excellent account 
of the observational evidence for the 
evolution of stars individually and in 
clusters, with examples chosen from the 
northern and southern hemisphere; 
Prof. Thomas Gold in Chapters 9-13 
describes with admirable lack of bias 
the several theories for the origin of the 
planets and satellites. 

To complete the all-embracing sub- 
ject matter of the title, G. Gamow 
gives an account of various cosmological 
theories, the evolutionary, steady state, 
and static models. C. B. A. MeCusker 
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describes the origin of cosmic radiation 
and its relation to the sun, novae, and 
the universe as a whole. Quasars, the 
enigmatic high energy radio sources, 
were discovered too late for inclusion in 
this book. 

The Universe of Time and Space 
covers mainly topics in physics with a 
section on astronomy. The standard is 
somewhat higher than The Universe and 
Its Origin and I would place it at the 
sophomore physics level. Relativity is 
covered in considerable mathematical 
detail, though the discussion is held at 
the non-calculus level. Twelve pages are 
devoted to a table of the elements and 
isotopes within a chapter on atoms and 
nuclei in the section written by the 
editors. There is a discussion of atomic 
models and electromagnetic radiation. 

R. Hanbury Brown has a single 
chapter on the stellar interferometer at 
Narrabi, Australia, where he explains its 
purpose and mode of operation. At the 
time of writing, the interferometer had 
not been put into operation and so re- 
sults have not been included in the 
chapter. . 

'The astronomy section has the title 
“The moon, planets, and comets in the 
expanding universe." The author, Prof. 
Lyttleton of Cambridge University, is 
noted for his research on comets, and 
the account of the solar system is good, 
though the level is more general than 
the physies contents of the book. He 
continues in the popular usage of 
“proving” that the universe is expand- 
ing by means of the overworked Olbers 
paradox—''the whole sky should ap- 
pear briliantly luminous" but it does 
not because “owing to relative motion 
the brightness of a galaxy falls off more 
quickly than the simple distance ef- 
fect would imply.” Actually, the red- 
shift accounts for the darkness of the 
night sky whether it is caused by a 
doppler shift or whether it is caused by 
a gravitational or some other effect in a 
static universe. 

Prof. T. Gold completes this volume 
with “The first five years of space re- 
search,” a clear, stimulating summary, 
mainly of the U. S. Program. He writes: 
“T will not say just how many millions 
of dollars I would think justifiable to 
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BIOLOGICAL RHYTHM RESEARCH 


A. Sollberger. A comprehensive presentation 
of biological rhythm devoted to research 
problems with emphasis on the functional 
subdivisions of the subject. May. $25.00 


LHOG RES IN BIOCYBERNETICS, 

ol. 

Norbert Wiener and J. P. Schade. Series of 
review articles which give examples of the 
application of cybernetics in various areas 
of biology and medicine. July. $16.50 


RADIOACTIVE FALLOUT—Soils, 
Plants, Food, Man 


Eric B. Fowler. A series of papers covering 
current research in fallout problems, pre- 
sented at an American Chemical Society 
Symposium in Cleveland, Aug. 1964. 

May. $14.00 


ORGANIZATION FOR PROTEIN 
BIOSYNTHESIS 

Allan Wiseman. Describes in understandable 
manner the sequence of amino acids neces- 
sary to perform the functions of the cell. 
An introduction to the subject. June. $20.00? 


E AMERICAN ELSEVIER | 
OUTSTANDING NEW SCIENTIFIC BOOKS - 


CHEMISTRY 


CHEMISTRY OF THE ° 
RARE-EARTH ELEMENTS 


N. E. Topp. A concise reference on the rare- 
earth elements covering present availability 
in a state of high purity. Topics in Inorganic 
and Gen. Chem., No. 4. Aug. $9.00 


AGAR GEL ELECTROPHORESIS 


R. J. Wieme. Surveys agar gel techniques and 
applications. A guide to the literature with 
sufficient practical details to serve as a Jabora- 


tory manual. Aug. $18.00? 


RADIOCHEMICAL SURVEY 

OF THE ELEMENTS 

M. Haissinsky and J. P. Adloff. This volume 
presents the nature and the nuclear, physical, 
and chemical characteristics of all presently 
known elements. June. $8.00 


PRACTICAL INSTRUMENTAL 
ANALYSIS 

J. Krugers and A.I.M. Keulemans, editors. 
Accounts of various important instrumental 
techniques; serves as an introduction and 
assists in their application. June. $13.00? 


PHYSICS, MATHEMATICS, TECHNOLOGY 


ASSESSMENT OF SCIENTIFIC 

SPECULATION 

R.A.R. Tricker. Written for the student of 

science, this book presents and discusses four 

views of the nature of science. July. $6.00 
* 


RADIO NOISE OF TERRESTRIAL 
ORIGIN (PRS, Vol. 4) 


F. Horner, edilor. Proceedings of Commission 
IV during the URSI General Assembly, 
Tokyo, 1963, with particular interest on the 
generation of noise in the outer regions of the 
atmosphere. Vol. 4 of Progress in Radio 
Science. May. $8.00? 


RADIO AND TROPOSPHERE (PRS, 
Vol. 2) 


F. duCastel, editor. Record of URSI General 
Assembly, Tokyo, 1963, Commission Il. 
Vol. 2 of Progress in Radio Science. 

June. $13.00? 


THERMAL STRESS TECHNIQUES IN 
THE NUCLEAR INDUSTRY 


Z. Zudans. Basic facts and theories necessary 
for handling the thermal stres¢ problems en- 
countered in the nuclear industry together 
with new and practical solutions. July. $17.50? 


CONCRETE TECHNOLOGY AND 
PRACTICE 

W. H. Taylor. A systematic arrangement of 
data on concrete research, design, develop- 
ment, construction, tests and methods of 
fabrication. August. $? 


INTRODUCTION TO PLATE AND 
SHELL THEORY 


C. E. Turner. Introduction to the subject at 
undergraduate level, arranged in terms of 
equilibrium equations and the geometry of 
deformations, followed by a stress-strain law 
to relate the two. July. $? 
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spend for this glimpse of knowledge. It 
seems to me that it is worth a major 
effort from all of humanity. The tech- 
niques of space research have come to 
stay and are already contributing 
greatly to the knowledge of our sur- 
roundings. Those who, five years ago, 
when the first sputnik was launched, 
doubted the future of space research, 
have a place reserved for themselves in 
the history books together with the 
gentlemen who were sure that no pas- 
senger could survive traveling in a 
railway train at more than five miles 
per hour." 

Space Physics and Radio Astronomy 
is the third book which shows the more 
unfortunate aspects of the series—the 
fact that they are based on the col- 
lected lectures of summer schools for 
high school students and teachers. It is 
difficult to justify the inclusion of 
mechanical flight through the Earth's 
atmosphere, winds in the upper at- 
mosphere, and a discussion of optical 
stellar interferometers under the book’s 
title. Yet these topics are well-written 
and undoubtedly formed a successful 
part in the summer school lecture 
series.—Gerald S. Hawkins 


David Rittenhouse by B. Hiwpzs; 394 
pages; $8.50; Princeton University 
Press, 1964. 


David’ Rittenhouse (1732-1796) of 
Pennsylvania—clockmaker, instrument- 
maker, builder of orreries, surveyor, 
astronomer, contributor to mathe- 
matics and physics, political figure, and 
public servant—represented the best of 
science in the British colonies of North 
America. Contemporaries hailed him as 
“one of the luminaries of the eighteenth 
century,” and his career demonstrated, 
even more clearly than did those of 
Franklin and Jefferson (whose roles in 
science Brooke Hindle observes with a 
fresh eye) what it meant to be a scientist 
in the generation that made the Ameri- 
can revolution. The draftsman’s skill, 
which Rittenhouse developed in making 
clocks, was the base from which he 
moved into science as a builder of those 
models of the solar system which dem- 
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onstrated so much of the eighteenth 
century view of the universe, the orreries 
which are still prized possessions of 
Princeton and the University of 
Pennsylvania. The observations of the 
transit of Venus in 1769 from an ob- 
servatory on his own farm at Norriton, 
Pennsylvania, stocked by instruments of 
his own construction, brought Ritten- 
house international notice and local 
fame as an astronomer and led to his 
permanent residence in the intellectual 
metropolis of the British colonies— 
Philadelphia. 

Anyone who attempts to evaluate the 
career of an American scientist must 
take some posture toward the question 
whether the American cultural environ- 
ment is an asset to science because of 
political freedom and social mobility, or 
whether it is deadweight which swamps 
the rare creative individual in both 
mediocrity and distraction. Hindle 
makes a major contribution to the dis- 
cussion of this question not by suc- 
cumbing to either myth but by pre- 
senting in an interesting and well- 
written biography a figure who repre- 
sents both the glory and misery of the 
American scientist’s plight. Hindle does 
ample justice to the several facets of 
Rittenhouse’s work in basic science, 
which he distinguishes clearly from even 
more varied and time-consuming 
activities in the applications of sciencé, 
some of them tasks forced on Ritten- 
house more because of his general 
reputation than any special knowledge. 
Scientists who read this book should not 
be disappointed when it turns into a 
first-rate analysis of the financial history 
of Pennsylvania during the Revolution, 
because Rittenhouse as Treasurer of 
the new State and a leader of the more 
radical of the nascent political parties 
was as surely expressing the Enlight- 
enment philosophy which motivated 
him as when he was tracking a comet. 
By placing David Rittenhouse in his 
full scientific, intellectual, social, and 
political setting Hindle has made a 
distinguished addition to the short list 
of American scientists who have been 
favored by a biography adequate to 
their own stature.—4. Hunter Dupree 


A dozen important Wiley and Interscience 
books, ready for your perusal, on approval. 


Kirk-Othmer ENCYCLOPEDIA OF CHEMICAL TECH- 
NOLOGY, Second Edition. Edited by Herman F. 
Marx, Joan J. McKerra, Jr., and Donatp F. 
Ornmer. Executive Editor: ANTHONY STANDEN. 
VOLUME 6 NOW READY. This is the latest vol- 
ume of one of the most extraordinary reference 
works ever to be published for the chemical in- 
dustry. Covers Complexing Agents through Dex- 
trose and Starch Syrups. 1965. Single price per 
volume: $45.00. Subscription price per volume: 
$35.00. Vol. 1: 1963. Abherents through Alu- 
minum alloys. 990 pages. Vol.2: 1963. Alumi- 
num Compounds through Azo Dyes. 910 pages. 
Vol.3: 1964. Bacterial through Calcium Alloys. 
927 pages. Vol. 4: Calcium compounds through 
Chloramphenicol. 937 pages. Vol. 5: 1964. 
Chlorine through Colors for Food, Drugs, Cos- 
metics. 884 pages. An Interscience book. 


ENCYCLOPEDIA OF POLYMER SCIENCE AND 
TECHNOLOGY; Plastics, Resins, Rubbers, Fibers. 
Vol. 2. Amino Resins to Casein, Editorial Board: 
Herman F. Marx, Norman G. Cavronp, Nor- 
BERT M. Bixarzs. Latest of a twelve-volume 
treatment, covering chemical substances, polymer 
properties, methods and processes, uses, and gen- 
eral background. 1965. Single-volume price: 
$50.00. Subscription price per volume. $40.00. 
Vol. 1: 1964. 893 pages. Ablative Polymers to 
Amino Acids. An Interscience book. 


CHEMISTRY AND BEYOND: A selection of the 
historical and philosophical writings of the late 
F. A. Panera. Edited by Herbert Dingle and 
G. R. Martin, with the assistance of Eva Paneth. 
An Interscience book. 1965. 308 pages. $6.00. 


SOLAR RADIO ASTRONOMY. By Moxut R, 
Kounov. Coordinates material from the last 20 
years’ research to give a consistent physical 
picture of the radio sun and its contributions to 
our knowledge of the sun-earth environment and 
interplanetary space. An Interscience book. 1965. 
Approx. 665 pages. Prob. $25.00. 


SYMPOSIUM ON QUASI-OPTICS: Vol. 14 of the 
Microwave Research Institute Symposia, edited by 
J. B. Fox. An Interscience book. 1964. 636 
pages. $12.00. 


ULTRAVIOLET RADIATION, Second Edition, By L. R. 
Korter. Covers the most important aspects of 
ultraviolet. The original plan of the book re- 
mains, but much new material has been added to 
this edition. A publication in the Wiley Series 
in Pure & Applied Optics. 1965. Approx. 312 
pages. Prob. $12.00. 


Latest of the Interscience Monographs and Texts in 
Physics and Astronomy .. . 


RESEARCH FRONTIERS IN FLUID DYNAMICS. 
Edited by R. J. Seeczr and G. Temere. Covers 
understanding of real fluids, whether researched 
by astronomers or chemists, mathematicians or 
geophysicists. Vol. 15 in the Interscience Mono- 
graphs and Texts in Physics and Astronomy. 1965. 
738 pages. $30.00. 


HIGH ENERGY BEAM OPTICS. By Kraus G. 
Srerren. A full account of basic concepts and 
techniques of high energy beam transport and 
spectrometer design work. Vol. 17 in the Inter- 
science Monographs and Texts in Physics and 
Astronomy. 1965. Prob. $9.75. 


PROCEEDINGS OF THE THIRD INTERNATIONAL 
CONGRESS ON CATALYSIS. Edited by W. M. 
Sacurier, G. C. A. Scuurr, and P. Zwrererine. 
Major themes are covered in neatly 100 articles: 
1) Reaction Mechanism in Heterogeneous Cataly- 
sis; 2) Selectivity of Heterogeneous Catalysts. 
A North-Holland Interscience book. 1965. 1445 
pages. $45.00. 


HIGH-STRENGTH MATERIALS. Edited by Vicror 
F.Zackay. Papers of a symposium examining the 
progress made to date in our undergtanding of the 
strengthening mechanism believed to be operative 
at high strength levels in metallic and nonmetallic 
polycrystalline materials. An Interscience book 
in the Inorganic Materials Research Series. 1965. 
Approx. 856 pages. Prob. $22.00. 


THE APPLICATION OF WAVE MECHANICAL METH- 
ODS TO THE STUDY OF MOLECULAR PROPERTIES. 
Edited by R. Davosi. Organized in two parts, 
this new book is concerned first with the electronic 
structure and the spectra of molecules and crystals. 
The second part is devoted to chemical and bio- 
chemical problems. Vol. VIII of the Interscience 
series, Advances in Chemical Physics. 1965. Ap- 
prox. 192 pages. $9.25. 


THERMAL IMAGING TECHNIQUES. By Tisor S. 
Laszio. How to select, design, build, and operate 
an image furnace for a selected work program. 
Vol. 5 in the Interscience series, Technique of 
Inorganic Chemistry. 1965. In press. 
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Reaction Heats & Bond Strengths by C. 
T. Morrimer; 230 pages; $5; Addi- 
son-Wesley Publishing Co., 1963. 


In his concise, but nevertheless com- 
prehensive, book Dr. Mortimer de- 
Scribes the present state of thermo- 
chemistry and outlines the impact 
which the precise thermochemical data 
have on many fields of chemistry. He 
clearly defines the meaning of the funda- 
mental concepts of thermochemistry 
such as heat of reaction, of formation, 
of atomization, etc., and shows their 
interrelation. The concepts of bond 
energies and bond dissociation energies 
are lucidly discussed and the ambiguities 
existing in the term “bond energy” 
are well recognized. 

Nevertheless, Dr. Mortimer success- 
fully explains the benefits derived from 
the concept of bond energy and il- 
lustrates this point on examples lead- 
ing to the concept of strain energies, 
stabilization energies, resonance ener- 
gies, etc. The last term—resonance 
energy—is well elaborated and con- 
sequently many misconceptions created 
by this concept are dispelled. 

The treatment of strain energies is 
well illustrated by numerous examples, 
and so is the treatment of stabilization 
energy. Discussion of molecular addi- 
tion compounds, metal-carbon and 
metal-halogen bonds, ionization ener- 
gies in aqueous solutions, and bond 
strength in silicon, phosphorus, and 
sulfur compounds made the book in- 
teresting for many chemists. The or- 
ganic, inorganic, or physical chemist finds 
intriguing observations and remarks. 

Finally, many data given in tabulated 
form make this small volume valuable 
as a reference book, and hence it de- 
serves its place in private collections as 
well as in libraries —Michael Sewarc 


Essays 1958-1962 on Atomic Physics & 
Human Knowledge by N. Bong; 100 
pages; $5; John Wiley & Sons, 1963. 


This slim volume of essays, written 
by Niels Bohr during the last years of 
his long, rich life, contains variations on 
many of the themes that were central 
in his thinking. Bohr never stopped 
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reflecting on the implications that the 
development of quantum physics might 
hold for the rest of the world of the in- 
tellect. He always stressed the concept 
of complementarity which, in his view, 
made possible the creation of “a frame 
wide enough to embrace the account of 
fundamental regularities of nature which 
eannot be comprehended within a single 
picture." The first two essays try to 
suggest the general importance of this 
new approach in atomic physics to 
"the development of methods for order- 
ing and surveying human experience." 
The second pair of essays, including a 
tantalizingly incomplete lecture given 
a few months before his death, set forth 
some of Bohr's ideas on the relationships 
between physies and biology, always & 
subject of real interest to him. 

By far the longest and most fully 
developed article is Bohr's Rutherford 
Memorial Lecture, which occupies close 
to half the volume. In it, Bohr traces 
his relationship to “the founder of 
nuclear science,” paying particular at- 
tention to the years in Manchester just 
before the First World War, when the 
young Danish physicist first saw how to 
tackle Rutherford’s nuclear atom by 
using the new quantum theory and 
began to create a real theory of the 
physical and chemical properties of 
matter. This essay, together with Bohr’s 
reminiscences of the Solvay Congresses 
and his brief discussion of Heisenberg’s 
early work in quantum mechanics, be- 
longs with Bohr’s earlier account of his 
extended dialogue with Einstein on the 
foundations of quantum theory; all are 
important documents in the history of 
modern physics. 

Bohr is never easy reading. He revised 
and rewrote endlessly, often changing a 
paper completely in each of the many 
proofs that he required, always trying 
to express precisely all the subtleties 
and interrelationships that he perceived, 
and never willing to be content with 
even the appearance of oversimplifica- 
tion. As Pauli once wrote, “He knew 
well what he wished not to say when he 
strove in long sentences to express him- 
self in his scientific papers.”—Martin J. 
Klein 


————_——————— 
a 


THE CLIMATE NEAR THE GROUND 


Revised Edition 

By RUDOLF GEIGER 

The only adequate and authoritative text on the 
physical principles of microclimatology, this ex- 
tensively revised book is indispensable not only to 
scientists and students in the field, but those in 
related sciences will find it an invaluable source of 
information on the practical application of meteo- 
rological principles. Jilustrated. $11.50 


A SOURCE BOOK IN THE HISTORY OF 
PSYCHOLOGY 


Edited by RICHARD J. HERRNSTEIN and 
EDWIN G. BORING 

Arranged by topic, this invaluable source book re- 
produces 116 excerpts (many translated into Eng- 
lish for the first time) from papers of 84 of the great 
figures in the history of psychology, from Epicurus 
to Karl S. Lashley. Introductions by the editors 
discuss the content and significance of each of the 
sources. $12.50 


RADIO ASTRONOMY TODAY 


Edited by H. P. PALMER, R. D. DAVIES, and 
M. I. LARGE 


Forword by SIR BERNARD LOVELL 

A collection of 20 papers presented in 1962 at 
Jodrell Bank, covering observational techniques, 
Solar System studies, the galaxy and extra-galactic 
sources, and cosmology. “Recommended as a clear 
and authoritative introduction to radio astronomy 
by leaders in the field.” —Science. “One of the most 
stimulating books on radio astronomy in recent 
years. ?—Sky and Telescope. Illus. $6.00 


A SOURCE BOOK IN CHEMISTRY 1400-1900 






UNIVERSITY PRESS 


Edited by HENRY M. LEICESTER and 
HERBERT S. KLICKSTEIN 

The editors trace the development of modern 
chemical theory through representative selections 
from the work of more than 80 scientists, from 
Vannuccio Biringuccio to Marie Curie. Informa- 
tive introductory remarks to each selection place 
the author in his time and show the significance of 
the work. Source Books in the History of the 
Sciences. Illus. $9.00 
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Chelating Agents & Metal Chelates, 
edited by F. P. Dwyer & D. P. 
MELLOR; 530 pages; $17; Academic 
Press, 1964. 


This interesting volume was written 
almost entirely by authors from “down 
under.” Glancing at the slightly re- 
dundant title one expects to find an 
authoritative and extensive review of 
the literature in this burgeoning field. 
Instead, the reader is presented with a 
series of chapters on special topics 
which, while for the most part are quite 
interesting, represent far from ex- 
haustive treatments of the various sub- 
jects. The chapters tend, understand- 
ably enough, to dwell at length upon 
work done in the authors’ own labo- 
ratories at the expense of equally sig- 
nificant work done elsewhere. Of the ten 
chapters, at least two are rather spe- 
cialized in nature: Chapter 7—Metal 
chelates of ethylenediaminetetraacetic 
acid and related substances and Chapter 
10—Physical and coordination chemis- 
try of the tetrapyrrole pigments; and 
are perhaps out of place in a volume of 
general nature. Chapter 2—The nature 
of the metal-ligand bond, is interesting 
and quite refreshing to read. Several 
new correlations are presented here 
which tend to increase one's under- 
standing of a complicated subject. 
Comparing the table of contents with 
that of a similar volume: “Chemistry of 
Metal Chelate Compounds" by A. E. 
Martell and M. Calvin published over 
a decade ago, one finds a considerable 
increase in space devoted to topics of 
interest to biochemists in the present 
volume compared with the older book. 
The chapter on optical activity in 
metal chelates included in the present 
volume is timely and well written. 
Many inorganic and biological chemists 
will want to own this hook, but its 
excessive purchase price may give 
them pause.—W. D. Horrocks, Jr. 


Alienation & Freedom, The Factory 
Worker & His Industry by R. 
BLAUNER; 222 pages; $7.50; The 
University of Chicago Press, 1964. 


By utilizing a national Roper job- 
attitude survey and by interviewing 78 
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workers, Blauner explores the degree 
of alienation of the American worker. 
Blauner differentiates four aspects of 
alienation: (a) powerlessness, the lack of 
control over the conditions of employ- 
ment and control over the immediate 
work process; (b) meaninglessness, the 
inability to use one’s capacities while at 
work; (c) social alienation, the lack of 
integration in & social unit; and (d) 
self-estrangement, the separation of the 
inner self in the activity of work. 

Each of these dimensions varies in 
form and intensity depending upon the 
technology required by the nature of 
the product (which is Blauner’s primary 
focus), specific economic conditions 
(growth rate, competition, etc.), and 
the social setting in which the industry is 
found. 

The impact of technology is greatest 
with respect to powerlessness. Craft 
(typography) automated industries 
cause less powerlessness than either the 
machine-tending (textiles) or assembly- 
line (automobiles). In addition, the 
craft industry provides the worker with 
a sense of occupational identity whereas 
the automated industry (refinery) gives 
him a sense of responsibility and orga- 
nizational identity. 

Blauner concludes with an interesting 
historical perspective on alienation. In 
the early period, dominated by craft 
industry, alienation is at its lowest and 
freedom at a maximum. Alienation 
moves upward with the period of ma- 
chine industry and peaks, with the as- 
sembly-line industries of the twentieth 
century. Automated industry becomes a 
counter trend. Automation increases the 
worker's control over his work process 
a8 well as his feelings of responsibility 
for the total product.—Chris Argyris 


Studies in Large Plastic Flow & Fracture 
with Special Emphasis on the Effects 
of Hydrostatic Pressure by P. W. 
Briveman; 362 pages; $9.75; Harvard 
University Press, 1964. 


This book is not a text in plasticity, 
but rather it is a classic reference on 
the response of real materials. Most of 
the experimental data are more than 
twenty-years old, but have not been 


SREAT MOMENTS AT ‘CHICAGO 





On September 22, 1940, aman with 


prostate was given a new pill. It was a synthetic organic chemical with estrogenic 


an advanced éase of cancer of the 


properties of female sex hormones, costing about five cents. Two days later the 


patient was out of bed. After fu 
hard manual labor — becoming the 


rther doses, he went back to work — 
first proof that a hormone could affect 


any kind of cancer in man. The age of treatment of cancer by drugs had begun. 


1 


The man who linked the drug to the disease, Dr. Charles Brenton Huggins, 


went back to his work — at the 


University of Chicago — and in 1963 


was named one of the winners of the Albert Lasker Awards for Medical Research 
“ for his success in the hormone treatment of cancer.* His continuing 
contributions are part of Chicago’s distinguished history of achievement in 
medical and biological research — work that.has its quietly , 


dramatic announcement 


MENTAL HETARDATION HARVEY A. STEVENS and 
RICK HEBER, EDITORS. With one-fifth of all cases of 
mental retardation unidentifiable as to cause, this is a 
comprehensive review of current research pointing to 
future avenues of investigation. 616 pp. $12.50 


THE BIOLOGY OF MIND By WALTER RUDOLF HESS. 
The authoritative translation of the Nobel Prize win- 
ner’s summary work on psychophysiology. 192 pp. $6.00 


THE MANAGEMENT OF WILD MAMMALS IN 
CAPTIVITY By LEE S. CRANDALL. “The dean of zoo men” 
shares the experience of 40 years at New York Zoologi- 
cal Park by telling everything about the care of wild 
mammals, including lively anecdotes. 784 pp. Llus. $13.50 


*Qn Cancer and Hormones, 
Boyland et al. 
27 Essays in Experimental 
Biology in honor of Dr. Charles 
Huggins, reflecting the major 
fields of his research. $8.50 


in books like these: 


TERATOLOGY JAMES.G. WILSON and JOSEF WARKA 
EDITORS. Principles and techniques presented in 
1964 workshop precipitated by effects of thalidom 
288 pp. Illus. $ 


GENETICS AND THE SOCIAL BEHAVIOR OE 
DOG By JOHN PAUL SCOTT and JOHN L. FULLER, : 
reaching research on the influence of heredity or 
havior as discovered in five breeds of dogs over a ` 
teen-year period. 448 pp. Tus, 1 


A MODERN ALGEBRA FOR BIOLOGISTS 

By HOWARD M. NAHIKIAN. Àn advanced text 
geared to the needs of the biologist and starting 
the elements of set theory. 236 pp. $ 
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superseded or appreciably altered. The 
genius of Professor Bridgman was in 
cohceiving of direct experiments in 
which the phenomena were important 
and where elegant instrumentation was 
less so. 

Professor Bridgman makes it per- 
fectly clear that the behavior of real 
materials is very complex. In the de- 
velopment of the mathematical theory 
of plasticity, these complications are not 
admitted to exist. Thus, the unloading 
behavior (p. 207) is not a smooth func- 
tional relation between stress and strain. 
Most theories of plasticity would pro- 
hibit such a response. 

One of the very admirable points of 
the research of Professor Bridgman is 
the use of the accepted equations of 
plasticity to guide his investigation. 
Another equally admirable trait is that 
he did not force his experimental results 
to fit his previously accepted equations. 
A large number of plasticity experiments 
are today considered unacceptable until 
they fit a theory, no matter how in- 
appropriate that theory is in other situa- 
tions. 

Among the minor errors in the book is 
a statement (p. 346) that the Karman 
theory of plastic wave propagation is 
based on the “statically measured stress- 
strain curve.” This is not so. It is based 
only on some relation existing between 
stress and strain. It happens that the 
static one works very well. One could 
also criticize the small number of repeat 
tests used to study a particular point. 
The use of the term velocities in plasticity 
has come to mean something different 
from that which Professor Bridgman 
uses in the last chapter. 

One thought which went through the 
reviewer’s mind while reading this book 
was: “How many of the recognized 
Professors of Physics in the United 
States are today vitally interested in 
the response of materials in the sense of 
Bridgman?” Certainly they will not win 
a Nobel Prize for their efforts; and if my 
experience is typical they will soon be 
extinct. Does this mean that materials 
are now well understood? They cer- 
tainly are not. Who then is to make the 
basie macroscopic investigations and 
interpret them? 
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This book should be on every refer- 
ence shelf concerned with plasticity. 
It should also be read by the modern 
practitioners of continuum mechanics to 
see just how complex the response of real 
materials is.—0O. W. Dillon, Jr. 


Principles of Angiosperm Taxonomy 
by P. H. Davis & V. H. Herwoop; 
556 pages; $15; D. Van Nostrand Co., 
1963. 


Of the several plant taxonomy texts 
published in recent years this one is the 
best. It presents the most lucid account 
of modern taxonomic methodology and 
emphasizes the importance of plant 
taxonomists as gatherers and organizers 
of biological information. Such informa- 
tion from a wide variety of sources is 
obviously of use in determining relation- 
ships among plants and constructing 
taxonomic systems, but it has also pro- 
vided the stimulus for numerous in- 
vestigations of various problems pursued 
by workers with little direct interest in 
taxonomy. Much of the contemporary 
research in molecular biology—par- 
ticularly on "lower" plants—is based 
upon leads provided by more or less 
traditional taxonomists. 

'The first portions of the book are 
devoted to discussions of the historical 
development of taxonomy, its principles, 
and the problems associated with deter- 
mining and using taxonomie characters. 
Subsequent chapters deal with the 
sourees of taxonomic evidence, ranging 
from traditional ones such as floral 
morphology to the more recently de- 
veloped fields such as phytochemistry. 
Two chapters are concerned with field, 
herbarium, and library methods, and 
with the assembling, organizing, and 
presentation of data. The latter part of 
the book deals with phenotypic and 
genotypic variation, evolutionary dif- 
ferentiation, and hybridization. These 
chapters are particularly valuable in 
their emphasis of variation patterns and 
how they may be handled taxonomi- 
cally. The authors have only a few 
axes to grind. They present a wide- 
ranging, well integrated, and remark- 
ably balanced account of modern plant 
taxonomy.—Robert Ornduff 


Principles of the Theory of Solids 
J. M. ZIMAN l INE" 


Presents the elements of the theory of the physics of perfect crystalline solids. A self- 
contained mathematical treatment is given of the simplest model that will demonstrate 
each principle. The author assumes familiarity with the elementary descriptive facts 
about solids and the elements of quantum mechanics. 374 pp., 174 text-figures. $8.50 


Space Physics . 
SIR HARRIE MASSEY 


A comprehensive survey of the techniques, achievements and potential of space research 
for readers with an understanding of physics. Sir Harrie Massey is President of the 
European Commission for Space Research and Chairman of the British National Com- 
mittee for Space Research. 245 pp., 75 plates, 97 text-fipures. 

Cloth $6.50 Paper $2.95 


Chemical Reactor Theory 


KENNETH DENBIGH 


This book about chemical kinetics as applied to large-scale chemical manufacture is an 
introduction to the factors affecting the design of reaction vessels and the conditions 
under which they are to be operated for maximum efficiency. It gives a sense of orien- 
tation within the subject matter and a grasp of its underlying physics and chemistry 
rather than a description of detailed techniques of reactor design. 

196 pb., 53 text-figures. $6.50 


The Experimental Basis of Modern Biology 


J. A. RAMSAY 


Dr Ramsay describes the observational and experimental basis of some aspects of mod- 
ern biology. In discussing the practical details, he encourages a critical attitude, stresses 
the distinction between actual observations and inferences, and emphasizes the inte- 
gration of the physical and the biological approach. 

350 pp., 56 halftones, 89 text-figures. $7.50 


The Physiology of Diurnal Rhythms . 
|J. E: HARKER 


A survey of the properties of the biological clock as revealed in studies of the rhythmical 
processes under its control. The discussion places these properties in perspective 
against the known physiological and biochemical processes of the living organism. 

720 pp., 38 text-figures. $3.95 


Essays on Crop Plant Evolution 
EDITED BY SIR JOSEPH HUTCHINSON 


Compares the evolutionary history of a diverse group of crop plants against a back- 
ground of the time scale of the development of agriculture in Western Europe. Eight 
essays show the many ways in which the genotype of a crop plant may be built up 
under the influence of natural and human selection and provide an opportunity for 
comparative study of the significance of major genetic phenomena in evolutionary 
change. 272 pp., 16 plates, 27 text-figures. $9.50 
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The Precession Method by M. J. BUER- 
GER; 276 pages; $13.50; John Wiley 
& Sons, 1964. 


..The Buerger precession, X-ray dif- 
fraction method is nowadays the most 
efficient and fastest technique for the 
routine determination of the unit cell 
and symmetry of single crystals. For 
example, the reviewer has charge of a 
laboratory where eight of the instru- 
ments are in constant use by six in- 
vestigators. Since no really thorough and 
up-to-date treatment of this rather 
specialized method has been available 
since the monograph appeared in 1944 
in which Prof Buerger first described his 
invention, this book is most welcome. 

The book jacket says that the book is 
“complete and concise”; it is more than 
complete, but is in no sense concise. 
Every possible aspect of the subject 
that has occurred to the author and his 
co-workers is included here, often ex- 
pounded at great length. The practical 
user may at times grow a little impatient 
with the prolixity of the treatment (for 
example, a whole page is taken up to 
describe how the screws on a goniometer 
head should be turned to center a 
crystal) and wish for more conciseness. 
Nevertheless, nearly everything he re- 
quires is there, while the book is much 
more than a manual but gives a thor- 
ough analysis of the principles and 
theory of the method. For example, an 
exhaustiVe treatment of  cone-axis 
photography is given, although such 

_ photographs are of little practical im- 
portance in routine work; being used 
only occasionally to check the perio- 
dicity of the net plane stack above the 
zero net. 

A few minor points of omission come 
to my mind. For example: no mention is 
made of the complementary relation be- 
tween the Buerger precession camera 
and the Weissenberg camera which 
makes it possible to record all three 
axial planes of a erystal without re- 
mounting it; some discussion of the use 
of the method to study twin relation- 
ships, for which it is particularly power- 
ful, would have been most useful; 
no discussion is given about the ap- 
plication of the Buerger precession 
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camera to crystals with very large unit 
cells, such as in proteins where the 
method has proved to be indispensable. 
But every investigator develops his own 
personal techniques to increase the ef- 
ficiency of his work, which are dif- 
ferent from every other investigator’s. 
Certainly, no user of the Buerger pre- 
cession camera can afford to be without 
this book, in spite of its price —Howard 
T. Evans, Jr. 


Gravitation & Relativity, edited by 
H.-Y. Cm & W. F. HOFFMANN; 
353 pages; $15.75; W. A. Benjamin, 
Inc. 1964. 


This volume is primarily the out- 
growth of seminar lectures delivered in 
1961 and 1962 at the NASA Goddard 
Institute for Space Studies at New York. 
The lecturers were J. L. Anderson 
(Stevens), R. H. Dicke, R. F. Marzke, 
and J. A. Wheeler (Princeton), V. W. 
Hughes (Yale), and J. Weber (Mary- 
land). The topics range from funda- 
mental and formal discussions of general 
relativity and modifications of that 
theory to relatively specific problems in 
astrophysics. Experimental investiga- 
tions dealing with the properties of mass 
and charge, and with gravitational 
waves, are included. 

Perhaps fortunately, the editors have 
not attempted to organize the materials 
available to them on tapes and in 
manuscript form into a unified whole. 
With a number of senior investigators 
with divers point of view contributing, 
such a unification would have resulted, 
in all likelihood, in a loss of freshness 
and immediacy, and in considerable 
delay in the appearance of this volume. 
In a rapidly unfolding area of investiga- 
tion these considerations are much more 
important than formal or substantive 
unity of the book. Accordingly, the 
reader should not look for either a text- 
book of current theories of gravitation, 
or for a comprehensive review of cur- 
rent research. Rather, he will find a set 
of highly personal, but in all cases lucid 
and persuasive, accounts of the ap- 
proaches of the individual authors. 
Each chapter carries its own list of 
references to the literature. 
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By Warren Andrew, M.D. 
Comprehensive, authoritative and superbly illustrated, this new volume 
presents a summing up of the present state of knowledge of comparative 
hematology—the first such overview of the subject since the development of 
phase and electron-microscopy. The illustrations, in black and white and in 
full color, supplement the excellent text to make this an essential reference 
volume. 

200 Large-format pages 

116 Illustrations plus 14 color plates 

$22.75 


Comparative Basie Cardiology 


By Janes Sands Robb, M.D., ScD. 

A compendium of the knowledge of animal hearts from the lower forms to 
the primates, this book is organized around standard classifications of the 
animal kingdom for easy reference. Until the publication of Comparative 
Basic Cardiology, the investigator had no one, ready reference source for 
information on the gross anatomy, microscopic anatomy, embryology, elec- 
tronic microscopy, histochemistry or electro physiology of such a wide range 
of hearts. Illustrated by an outstanding collection of illustrations, more than 
60 of them in full color. 

632 Pages 

528 Illustrations, 67 in full color 

$39.00 


* Now Complete: First American Edition 


THANNHAUSER’s Textbook of Metabolism 
and Metabolic Disorders 


Edited by Nepomuk Zóllner, M.D., 

and Translated and Adapted for American Readers by Solomon Estren, M.D. 
This invaluable set is now complete with the publication of the second 
volume. Based on the completely revised Second German Edition, this 
classic work encompasses all of the basic concepts of metabolic biochemistry 
in a unified and logical form. Review of Surgery said of Volume I: “Each 
subject is taken up both from the standpoint of theoretical background as 
well as applications to the diseased state. . . . The book is well worth 
the consideration of anyone wishing to study biochemical topics presented 
with a physiological or clinical orientation." 

Volume 1—480 pages, 80 illus., $17.50 

Volume 11—520 pages, 208 illus., $19.75 
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It should perhaps be mentioned that 
the editors have done a painstaking job 
‘of eliminating errors of transcription so 
frequently met with in material based 
on tape recordings. No doubt, the 
authors have cooperated, but the whole 
book reads well, and several of the 
articles are provided with tables and 
figures. All in all, the book is to be 
highly commended as a valuable con- 
tribution to current literature on gravi- 
tational research in the widest sense.— 
Peter G. Bergmann 


The Future of Man by P. TEILHARD DE 
CHARDIN; 319 pages; $5; Harper & 
Row, 1964. 


Like its famous predecessor, The 
Phenomenon of Man, this collection of 
twenty-two essays by Teilhard defies 
pigeon-holing as a strictly scientific, 
philosophic, speculative, or visionary 
work. Written between 1920 and his 
death in 1955, these essays touch many 
areas of scientific endeavor and concern. 
While fourteen of them have already 
appeared in scattered scientific journals, 
seven were unavailable until their ap- 
pearance in this fifth volume of the 
collected works which, in French, now 
comprise eighteen volumes of essays 
and letters. 

Despite some outdated scientific data, 
the provocative and often prophetic in- 
sights of Teilhard make this both a 
timely and valuable collection. More 
readable and down-to-earth than the 
Phenomenon, it should stir interest and 
debate among the specialists in psychol- 
ogy, education, sociology, anthropology, 
political science, and the whole range of 
the biological sciences. It should also 
appeal to the physical scientist who 
seeks a more integrated and unifying 
approach to his vision of the world. 

Of special interest are the evidence 
and arguments presented for the unique 
convergent nature of the human zoolog- 
ical group where the subhuman pattern 
of divergence and speciation is not found; 
a fact often ignored by the sociologist. 

Teilhard’s biological interpretation of 
human history—particularly the role of 
war in forcing human convergence—as 
the extension and continuation of or- 
ganic evolution into the psychic level in 
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the socialization and planetization of 
mankind, along with his consideration 
of education as an ‘‘essential and natural 
form of biological additivity” should 
clarify the "directional", “orthogene- 
tic," or ‘“Lamarckian” interpretation of 
the evolutionary process which many 
objected to in the Phenomenon of Man. 
His diseussions of the influence of the 
evolutionary perspective in modern life 
and thought, of forced and free human 
convergence with its economic, intel- 
lectual, and social implications, as well 
as other rich insights from the Teil- 
hardian synthesis, make this a book 
worth exploring for any scientist or 
thinker. Debatable, but stimulating.— 
Robert T. Francoeur 


Plant Virology, edited by M. K. 
Corsert & H. D. SIsLER; 527 pages; 
$12.50; University of Florida Press, 
1964. 


Text books written by an assemblage 
of experts are becoming necessary and 
fashionable. The contributors to this 
volume do not all qualify as experts in 
being a long way from home, as only 4 of 
the 22 are from outside the U.S., but 
they inelude leading virologists from the 
USS. and England. This group, organized 
by M. K. Corbett, assembled over a 
period of several weeks to give a course 
in plant virology at the University of 
Maryland. Fortunately or unfortu- 
nately, they include several who are 
primarily or exclusively animal, virol- 
ogists. The section on tumors is about 
9795 devoted to animal tumors. The 
section on diseases of arthropods is 
about 9395 devoted to viruses which 
have no known invasiveness in plants, 
and Suchov's 1940 evidence of a plant 
virus ehanging its insect vector is not 
referred to. The subject is organized 
into introduction, symptoms, trans- 
mission, identification, assay, strains 
and interference, insect vectors, purifica- 
tion, serology, electron microscopy, 
structure, biochemistry, infection, con- 
trol, taxonomy, form and function, dis- 
eases of arthropods, tumor viruses, 
speculation on the origin of viruses, 
subject index, and author index. With 
the exception of one chapter, all infor- 
mation is well-documented. The chapter 


COMPUTER AUGMENTATION OF HUMAN REASONING , | 


Edited by Marco Sass, Office of Naval Research and W. D. WILK- 
INSON, Bunker-Ramo Corporation. 


Each advance in the computer sciences over the past twenty years has 
opened doors to new problems. The human problem solver traditionally 
has handled such matters by using past experience, trying alternatives, 
or applying intuition. Now, what is needed is a synthesis of the capabili- 
ties of man and machine. In this book experts exchange views on both 
the practical and the theoretical applications of the man/machine 
relationship. 
240 pages 6x9illus. $5.00 





SPECIALIZED INFORMATION CENTERS 


. By ALLEN Kent, Director Knowledge Availability Center 
University of Pittsburgh 


This is the first book in the specialized information center field that 
provides detailed information on the centers, the unit operation, factors 
influencing their success or failure and comparative case histories of 
centers. For the computer specialist it is an especially useful book since 
the conceptual and software problems involved in the design and opera- 
tion of the specialized information center are displayed. 


296 pages 6x9 illus. $9.00 





INFORMATION SYSTEM SCIENCES 


Edited by JOSEPH SPIEGEL, DONALD WALKER 
The Mitre Corporation 


One of the most stimulating and most serious areas of interest in the information processing 
sciences is the development of joint man-computer systems. The U.S. Government is 
investing an increasing proportion of its funds and confidence in the generation of these 
systems for military command and control. The Second Congress on Information System 
Sciences, on which this book is based, encouraged the exchange of information in such 
areas as on-line man/computer systems, current military data management systems, tactical 
information systems, self-organizing and adaptive information and other phases of the 
science. 


592 pages 6x9 illus. $23.75 


SPARTAN BOOKS INC. 


1250 CONNECTICUT AVE., N.W. e WASHINGTON, D.C. 20036 
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on symptoms, by Holmes, is hardly 
docymented at all, but this may be ex- 
cusable, in that to have documented 
this extensive coverage would likely 
have taken as much space as the text. 
Of an estimated 12,000 papers on plant 
virology since 1900, an estimated 2000 
are cited here. In addition, there are 
several hundred references to bacterial, 
insect, and mammal viruses, and the 
similarity and possible interrelation of 
viruses attacking the four major groups 
of hosts are set forth. Starting points as 
well as current information are usually 
given. It may not be as wel] written as 
Bawden’s 1964 edition of Plant Viruses, 
but it is more comprehensive. The only 
error noted was in the mislabeling of the 
tubes in Fig. 10-4 of one of Steere’s 
excellent diagrams of purification pro- 
cedures. This book could serve well as a 
beginning book for a student and as a 
reference book for a professional.— 
C. E. Yarwood 


Sampling Systems Theory & Its Applica- 

tions by Ya. Z. Tsypxin; Two 

- Volumes, 742 pg.; $30.00; The Mac- 
millan Co., Pergamon, 1964. 


This very extensive and expensive 
set by a leading Russian engineer is 
not likely to find its way to the shelves 
of many workers simply because of its 
price. This is too bad because the book 
has several attractive features which 
would prove useful to many. There are 
six chapters each approximately one 
hundred pages long. Their titles are: 
Pulse Systems and Their Applications, 
Fundamentals of the Discrete LaPlace 
Transformation and Difference Equa- 
tions, Fundamentals of the Theory of 
Open-Loop Pulse Systems, Investiga- 
tion and Analysis of Open-Loop Pulse 
Systems, Fundamentals of Closed Pulse 
Systems, and Investigation and Com- 
putation of Closed Pulse Systems. 

'The author places considerable em- 
phasis on the practical application of 
pulsed systems and includes much 
material on such topics as multi-color 
printing presses, radar systems, digital 
computer circuitry, wide band video 
amplifier, communication system using 
prediction, automatic frequency con- 
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trol system, automatic gain control 
system, and many others. In a typical 
discussion of one of these topics, the 
author exhibits a block diagram of the 
system with a description of the opera- 
tion of the physical system operation. 
The assumptions of the analysis are 
then spelled out and an analysis of the 
(usually simplified) system is under- 
taken. It is shown how certain system 
parameters affect system operation 
and some ideas about improving per- 
formance are given. 

There are several drawbacks to the 
books other than price. The index is 
quite inadequate. The quality of the 
paper and binding is poor even though 
the type setting is very satisfactory. 
Many references are to Russian language 
sources which limit their value to 
Western readers. This is bound to 
happen in such a book. The translation 
has been well edited but, since the 
original was written in 1958, the ap- 
proach taken in certain sections does 
not reflect the current methods of 
analysis. Little discussion of non- 
linear pulse systems is to be found in 
the volumes. Because of an emphasis 
on application to physical systems, the 
author has chosen to exclude such 
topics as approximation techniques for 
non-linear systems. 

Generally, the book is of value to 


‘people with particular interest in the 


application of pulse systems to certain 
industrial processes. Because of its 
age, the material is of limited value to 
current research efforts in pulsed system 
theory.—Stephen J. Kahne 


The Genetics of the Silkworm by Y. 
'TAziMA; 253 pages; $9.95; Logos 
Press, London; Prentice-Hall, 1964. 


The silkworm Bombyx mori is one 
of the genetically best known organisms. 
Workers in different countries have 
contributed to its analysis but Japanese 
geneticists have made the most im- 
portant and most numerous contribu- 
tions. Much of their work has been 
difficult of access to students outside 
of Japan and even the valuable re- 
views by Tanaka and Kikkawa in 
Advances in Genetics (1958) could not 


NEW 1965 BOOKS — 


The Human Dentition Before Birth 


By BERTRAM S. KRAUS, Ph.D. and RONALD E. JORDAN, D.D.S., 
University of Pittsburgh. 278 Pages, 7" X 10". 267 Illustrations on 128 Figures, 
1 in Color. About 39.00. 


This new book graphically illustrates the morphogenesis of human primary denti- 
tion with superb photographs of actual specimens and step-by-step documentation, 
of their development. Written in the expectation that such a detailed morpho- 
genetic study might throw much-needed light on the potential role of the 
dentition in the study of evolution and biologic and genetic relationships, the 
book will serve dental anatomists, zoologists, paleontologists and anthropologists. 


Functional Neuroanatomy 


By NEWTON B. EVERETT, Ph.D., University of Washington, Seattle. 420 
Pages. 304 Illustrations, 35 in Color. 5th Edition. $12.00. 


The longitudinal approach, advantageous in making structural and functional 
correlations with neurophysiology, is maintained in this 1965 edition of A. R. 
Buchanan’s former text. Ascending and descending tracts are traced from origin 
to termination at the time they are first mentioned. This enables students to 
grasp quickly the development of the nervous system, from the simplest reflex 
arc through the highest levels of cortical development. 


Examination Copies Sent to Teachers on Request. 


Washington LEA & FEBIGER ione 





a new treatise... 
Raper & Fennell: THE GENUS 
. ASPERGILLUS 


Designed to provide keys and descriptions for the identification of the Asper- 
gilli, it also presents references to the descriptions of species that are not 
recognized, along with the authors' opinions regarding their probable relation- 
ships. Increased recognition has been given to the Aspergilli as agents of 
decomposition, as primary or secondary pathogens of animals and man, as 
tools for physiological and genetical studies, and as agents responsible for the 
production of a variety of industrial and commercial tools. 





By Kenneth B. Raper, Professor, Department of Bacteriology and Botany; 
and Dorothy I. Fennell, Research Associate, Department of Bacteriology; 
both of the University of Wisconsin, Madison, Wisconsin. 


1965 approx. 700 pp., 130 figs. $20.00 


THE WILLIAMS & WILKINS COMPANY 


428 EAST PRESTON STREET/BALTIMORE, MARYLAND 21202/U.S.A. 





219A 


give adequate summaries. Such a 

e Summary is now available in Tazima’s 
book. It is detailed without being 
encyclopedic. In about 200 pages of 
text, illustrated with 58 figures or 
graphs, a clear, penetrating, and critical 
account is provided. The genetics of 
Bombyx began in terms of transmission 
genéties and, as early as half a century 
ago, reached a high level of achieve- 
ment. It branched into biochemical 
genetics, especially of pigment deter- 
mination which, in the thirties, had 
been inaugurated for the eye pigments 
of Drosophila. It had furnished one 
of the first examples of maternal de- 
termination of phenotypes and led 
to biochemical interpretations of this 
phenomenon. Beginning primarily with 
the forties, it added fundamentally 
to knowledge of sex determination 
demonstrating that the W (=Y) chro- 
mosome contains a male determining 
region and that ploidy of the autosomes 
does not shift the type of sex: “... 
whenever a W chromosome is present 
the individual is invariably a female, 
without it it is always a male.” Unlike 
Drosophila or Lymantria, no intersexes 
seem to occur in Bombyx. Tazima him- 
self has contributed decisively in this 
area, as well as in that of mutagenesis. 
The silkworm is suitable for very large- 
scale experiments concerning mutations 
at specific loci and the book contains 
importané summaries of work in- 
volving spontaneous as well as radia- 
tion-induced mutations. Other topics 
covered relate to the remarkable E 
group mutants which change the de- 
velopment of whole segments, similar 
to Lewis’ bithorax mutants in Dro- 
sophila, genetic control of hormonal 
mechanisms, mosaicism, parthenogene- 
sis, and polyploidy. Tazima’s book is 
much more than a record of past work. 
It points to new areas of studies and 
wil be productive of new insights.— 
Curt Stern 


Solar System Astrophysics by J. C. 
Branpot & P. Hopes; 457 pages; 
$12.50; McGraw-Hill Book Co., 1964. 


The authors set out to write a survey 
of the solar system, including the Sun, 
planets, and interplanetary space, which 
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will be useful both as an advanced 
text and as an introduction to the 
field for space scientists and engineers. 
Considering the great variety of topics 
covered (from hydromagnetic waves 
to atmospheric dust), I feel they have 
succeeded remarkably well. The plan 
is to describe the phenomena involved 
in physical terms, to sketch their 
mathematical treatment, and to give 
references to more detailed accounts. 

This approach requires considerable 
self-discipline in order to restrict the 
treatment of each phenomenon to the 
few pages allotted to it. By so doing, 
the authors are able to consider in 
succession the deep solar interior, its 
surface layers, interplanetary space, 
and finally the atmospheres and in- 
terior of the planets, all in some detail. 
The mathematical training required 
varies rather widely, from the vector 
analysis of hydromagnetism, to mere 
graph-reading in the chapter on 
meteorites. Perhaps this reflects the 
propensities of the two authors in- 
volved. In any case, the statement in 
the introduction that elementary and 
atomic physics, as well as calculus are 
necessary to understand everything, 
is perhaps an understatement. This 
suggests that, if the book is to be used 
as a text, it will be useful in junior 
and senior astronomy courses primarily, 

The style is concise and attractive, 
the illustrations numerous and helpful, 
and the bibliographical notes are ex- 
tended and useful. My only negative 
findings were a few minor errors: the 
density of Mercury is correctly given 
as 5.3 g/cm? on p. 321, and quoted 
three times with a decimal point error 
on p. 329. Newer results on the optical 
polarization of Jupiter (Gehrels) are 
ignored, giving a false impression of the 
atmosphere of that planet. 

In summary, I believe this book will 
meet the needs mentioned earlier, 
and meet them well. Presumably the 
high priee is partly due to the use of 
several dozen photographie reproduc- 
tions. It is questionable whether their 
inclusion was worth the loss of a 
rather large market of bright young 
students who can’t afford the book.— 
George B. Field 


Electron Paramagnetic Resonance by | 
S. A. ALTSHULER & D. M. KOZYREV; 
374 pages; $13.50; Academic Press, 
1964. 


This volume is published in 1964 as 
‘a comprehensive treatise on the field 
of electron paramagnetic resonance, 
covering both the theoretical back- 
ground and the results of experiment.” 
In general, the authors have succeeded 
in producing a book of definite value to 
those engaged in electron paramagnetic 
resonance (EPR) research. It is im- 
portant to note, however, that this is a 
translation of a text originally published 
in 1961 in Russian, and that its ''com- 
prehensive" data and references are 
limited to the period prior to 1959. 
The absence of the extensive theoretical 
and experimental results in EPR re- 
search of the past six years constitutes 
a regrettable deficiency in a book of 
this type. 

The first two chapters of this book 
present a brief review of resonance 
theory and experimental techniques. 
The conciseness of these chapters is 
offset by the clarity of the authors’ 
description of basic concepts and devices. 
Here, as throughout the book, the 
references are the most complete avail- 
able, and very well organized. 

Chapters III to V discuss ionic 
trystals. These chapters constitute the 
major part of the book as well as 
reflect the primary interest of the 
authors. The theory of the EPR 
spectra of ionic crystals is presented 
in Chapter III by  Al'tshuler. In 
Chapter IV Kozyrev presents a com- 
prehensive review of the experimental 
data obtained from these spectra. 
This compilation of data on the ionic 
erystals utilizes and complements the 
well-known Bleaney-Stevens and 
Bowers-Owen articles from the Reports 
on Progress in Physics. The data are 
presented in the form of tables, and the 
many references are conveniently cited. 

The final three chapters review most 
of the remaining phases of EPR re- 
search. Here, however, there is not the 
detailed development accorded the 
ionic crystals. Metals, semiconductors, 
color centers, liquids, free radicals, 
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and double resonance experiments are 
included in the discussion. The sections 
on “he various methods of dynamic 
nuclear polarization and on maser 
research especially suffer from the 
absence of the data and developments 
of the past six years. 

Finally, the quality of the translation 
and, typography is to be commended. 
The inadequacy of the subject index 
is distressing, but this is a minor de- 
ficiency in view of the overall excellence 
of this book.—Robert I. O’ Brien 


Analysis of Ancient Metals by E. R. 
Carey; 173 pages; $6.; The Mac- 
millian Co., Pergamon, 1964. 


The present monograph presents 
reasoned conclusions based on a very 
considerable effort over a period of 
years by Dr. Caley and his associates. 

The problem of selecting a repre- 
sentative sample for chemical analysis, 
particularly for corroded objects that 
may have considerable historical and 
artistic value, is discussed thoroughly 
at the outset. 

The selection of a chemical analytical 
method, or other means of determining 
composition, depends upon preliminary 
tests and observations, These problems 
are discussed in the second chapter. 

The various methods of gaining 
analytical information are discussed 
in separate chapters for each of gold, 
silver, copper, and their alloys. A 
chapter is devoted to other metals, 
primarily lead, tin, and their alloys. 
The determination of the composition 
of iron and steel objects comprises a 
separate chapter. A final chapter deals 
with the important problem of pre- 
senting the results in the form of re- 
ports which give the maximum in- 
formation to scholars who may have 
no training in chemical principles and 
in the science and art of determining 
chemical composition. Many tables 
of analytical data for various classes 
of materials and other numerical data 
are given, as well as a subject index. 

The chemical analytical methods 
are in the main of the simple and 
“tried and true" variety. The author 
gives careful consideration to so-called 
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non-destructive methods, e.g., specific 
gravity, X-ray fluorescence, and to 
photometric techniques, neutron ac- 
tivation, and others. Some of these 
methods are inapplicable because they 
cannot be applied without cutting 
the specimen or because of corrosion 
layers. 

This thorough and accurate treatise 
gives an excellent selection of literature 
references in each of the principal 
chapters. As a whole, the monograph 
should be of interest to archaeologists, 
museum workers, and to all who have 
interest in, or are confronted with, the 
problem of determining the composition 
of ancient metallic objects. 

The author is well known for his 
contributions to the development of 
new analytical methods, and for his 
numerous studies, extending over three 
and a half decades, on the use of 
chemistry, particularly quantitative 
chemical analysis, as a contributing 
means for solving archaeological prob- 
lems. During the first decade and a 
half of this period it was the reviewer’s 
privilege to observe his meticulous 
care and the excellent scholarly ap- 
proach brought to both areas. During 
this period he established by chemical 
analysis a time-scale of the bronze 
coins of Asia Minor based on systematic 
variations of the lead-tin ratio through 
the centuries.—N. H. Furman : 


Physics of Magnetism by S. CHIKAZUMI 
(English edition prepared with the 
assistance of S. H. Cuarap); 554 
pages; $15.75; John Wiley & Sons, 
1964. 


This book is an expansion of the 
1959 Japanese edition, but except for a 
brief slip here and there, it reads as 
if it had originally been written in 
English, so that both the author and 
Dr. Charap can take pride in the 
presentation. The subject matter is of 
correspondingly high order and the 
main complaint which one could make 
concerns the statement on the jacket 
to the effect that no previous knowledge 
of magnetism is assumed. This book 
overlaps heavily with the two widely- 
used elementary treatments: Dekker’s 
Solid State Physics or Kittel’s Intro- 


duction to Solid State Physics—and 
the present volume will be rough going 
for anyone without this kind of back- 
ground. The elementary material is re- 
viewed very briefly and then there is a 
thorough discussion of each of the 
topics which Dekker or Kittel cover 
lightly. The level is fairly non- 
mathematical, and many of the formulas 
are derived from plausibility arguments. 
The core of this book is the treatment 
of domain theory (about 9 chapters) 
from both a phenomenological and a 
quantitative basis. It is a pity, how- 
ever, that nothing was included on the 
topic of micromagnetics. It has been 
pointed out a number of times by W. 
F. Brown, Jr., that domain theory is 
logically inconsistent when the size of 
the domain is reduced down to that of 
the domain wall (as in magnetic thin 
films). Although micromagnetics does 
not give the answers which domain 
theory fails to furnish—because of the 
difficulty of obtaining rigorous solu- 
tions—a book which is supposed to be 
an up-to-date review of the field of 
magnetism should at least mention this 
development. Otherwise, this text can 
be highly recommended.—Allen Nuss- 
baum 


Electronic Spectra & Quantum Chemistry 
- by C. Sanporry; 385 pages; $14.95; 
Prentice-Hall, Ine., 1964. 


This book fills a definite need for 
many quantum chemists. Professor 
Sandorfy’s book is a good attempt at 
bridging the gap between formal text- 
books and published works at a more 
advanced level. It will be helpful to 
many students who know some fun- 
damentals of quantum mechanics but 
want to introduce themselves into the 
actual research and calculations of 
electronic spectra especially for m- 
electron systems. 


The book begins with the usual 


preliminaries of wave mechanics but 
quickly moves onto the molecular 
orbital and valence bond methods. 
The chapter on the valence bond 
method is long and well written. This 
is something on which very few text- 
books spend any time nowadays. The 
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Recent advances in biochemical genetics 
have tended to overshadow the problem 
of form, which cannot readily be inter- 
preted in molecular terms. The nub of 
the problem is to find the mechanisms in- 
volved, and Mr. Sinnott's study—unlike 
most earlier studies of form, which dealt 
primarily with its descriptive and compara- 
tive aspects—is concerned chiefly with 
morphogenesis and the causal basis of 
form. When so many biological ques- 
tions are being solved through biochem- 
istry, here is a timely reminder that the 
problem of the translation of chemical 
substances into the form of an organism 
still calls for solution. Illustrated. $5.00 
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book is arranged so that the chapter 
may be omitted. Its inclusion is worth- 
while not only because it explains very 
clearly how one goes about using the 
valence bond method on .large mole- 
cules, but also this method is useful 
in general quantum chemical thinking. 
The book then moves onto a clear 
presentation of the methods of elec- 
tronic spectra; e.g., symmetry of mole- 
cules, selection rules, calculation of 
spectral quantities, and the SCF 
method. One attractive feature is the 
detailed numerical examples; e.g., on 
the intensities of spectral transitions 
both by the molecular orbital and 
valence bond methods. Finally, it 


' includes some semi-empirical methods 


and the free electron model. The chapter 
“Summing up. What next?” is indicative 
of the tone of the book. The bibli- 
ography is up-to-date and complete.— 
Vincent McKoy 


Experimental Endocrinology: A Source- 
book of Basic Techniques by M. X. 
Zarrow ef al; 519 pages; $15.; 
Academic Press, 1964. 


A compilation of the basic techniques 
used in endocrinology has long been 
needed. Thus, the above book be- 
comes a basic necessity for the library 
of all interested in the study of hor- 
mones whether vertebrate or inverte- 
brate. Invaluable as this book might 
be, it seems necessary to indicate this 
reviewer’s opinion of certain apparent 
shortcomings of the authors. 

The authors have attempted to 
prepare not just a laboratory manual 
but a textbook as well. This dual task 
is too much to ask of 500 pages of text. 
It is inevitable that, as a text, some 
areas of the subject matter should be 
slighted or in some cases only one view 
of the picture presented. 

As a laboratory manual, it is hard 
to see how this book could be used by 
students or investigators in an in- 
dependent manner, unless they were 
already well versed in animal tech- 
niques, since such basic procedures as 
how to hold an animal and make 
various types of injections are never 
discussed. Furthermore, instructions for 
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autopsy, including the proper removal 
and preparing of endocrine tissues or 
other organs for weighing appears to 
be absent. 

In spite of this lack, or the scantiness 
of detail regarding certain features of 
experimental procedure, this book pro- 
vides an invaluable function in its 
compilation, in one place, of many 
of the procedures widely used for the 
study of the ductless glands in all 
types of organisms. Many of these 
procedures will continue to serve a 
basic function in the science of endo- 
crinology for a long time to come. 
Thus, for all who wish to understand the 
fundamental procedures used in endo- 
crinology, as well as for any who con- 
template an experimental attack, a 
basic source book is now avail- 
able.— Robert D. Lisk 


The Mitochondrion (Molecular Basis of 
Structure & Function) by A. L. 
LEHNINGER; 262 pages; $9.; W. A. 
Benjamin, Inc., 1964. 


Inabout250 pages, Lehninger presents 
8 distillate of the massive and widely 
scattered volume of literature on the 
development of our current knowledge 
of the structure and function of the 
mitochondrion. Unlike many con- 
temporary compendia on the subject, 
his account is carefully stripped of 
much detail of technique and experi- 
mental data. Consequently, the result 
reads—in very lucid language—like 
an exciting, action-packed drama, and 
it relates one of the most fascinating 
and sophistieated stories of modern 
biology. 

The book is divided into eleven 
chapters of about 20 pages each. The 
references at the end of each chapter are 
in most cases carefully chosen, and the 
review articles and the research papers 
have been helpfully separated into two 
categories. 

In general, those facets of the mito- 
chondrial structure and function which 
have been the subject of study in the 
author’s own laboratory have been 
better presented. By contrast, electron 
transport, which by definition should be 
the central theme of any treatise con- 


cerning the mitochondrion, has not been 
given the attention and the space it 
deserves. The Ey’ of coenzyme Q, the 
moleeular weight of NADH dehydro- 
genase and the nature of the prosthetic 
group of this enzyme should all be 
revised. There are at least three species 
of nonheme iron in the electron trans- 
port system which have not been ade- 
quately discussed, and the possible role 
of nonheme iron—and in many instances 
that of coenzyme Q—has been omitted 
from discussions of electron transport 
(see Figures 3—4, 6-1 and 6-2 and the 
pertaining discussions in the text). 
In addition, the nature and the com- 
position of lipids, which are the second 
major constituents of mitochondria, 
have not been reviewed. 

However, these shortcomings detract 
very little from the value of the book. 
Definitely, the author should be con- 
gratulated for his successful effort and 
he certainly deserves a wide audience 
for his fascinating and instructive ac- 
count of the mitochondrion.— Youssef 
Hatefi 


Organic Syntheses (An Annual Publica- 
tion of Satisfactory Methods for the 
Preparation of Organic Chemicals), 
Vol. 44, 1964, W E, Parmam, Editor- 
in-Chief; 131 pages; $4.95; John 

- Wiley & Sons, 1964. 


'This is the 44th volume in one of the 
oldest, most respected, and undoubtedly 
most useful series in chemistry. The 
necessity of having available thoroughly 
worked-out and independently tested 
procedures for the preparation of organic 
compounds, with explicit directions and 
honest yields, does not seem to diminish 
in spite of the increasing emphasis on 
instrumentation in chemistry. 

Since the series is well known to its 
users, it is hardly necessary to say more 
than that the newest volume maintains 
the same level of accuracy, detail, and 
interest as its predecessors. Of the 31 
compounds whose preparation is de- 
scribed here, several may be noted as of 
more than usual interest: Indoleacetic 
acid, the plant growth hormone; 7-t- 
butoxynorbornadiene, an entry to 7- 
substituted bicycloheptanes; 3-quinucli- 
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done, a bridged amino ketone; t- 
butylazidoformate, a useful reagent in 
peptide synthesis; and trimethylpyry- 
lium perchlorate, one of the few high 
explosives to be listed in Organic 
Syntheses. Perhaps more generally use- 
ful will be some of the methods of wider 
scope: a new method of converting 
Grignard reagents to aldehydes, a 
simple and practical synthesis of azu- 
lenes, and a useful modification of the 
Koch-Haaf reaction which allows the 
carboxylation of branched saturated 
hydrocarbons. Detailed directions are 
given for two useful syntheses of amines, 
the Ritter preparation of t-carbinyl 
amines, and the Decker-Becker mono- 
alkylation of primary amines. Hauser's 
practical modification of the Refor- 
matsky reaction, using lithium salts, is 
a welcome addition. The index covers 
volumes 40-44.— Richard K. Hill 


The Life of the Cell (Its Nature, Origin, 
& Development) by J. A. V. BUTLER; 
167 pages; $4.50; Basic Books, 1965. 


The title and contents of this book 
taken together, demonstrate forcibily 
what has happened to biology in the 
last couple of decades. A title such as 
“the life of the cell" conjures up a 
vision of classie biology, but the con- 
tents are almost purely molecular 
biology. 

The book is intended for the lay 
reader who has little knowledge of the 
life sciences save what he may remember 
of general biology courses and what he 
has picked up since from newspapers. 
In concise, directly-written chapters, it 
begins with the simplest constituents of 
living tissue and then mounts through 
grades of complexity to proteins and 
nucleic acids. It reaches the level of life, 
with chapters on viruses and bacteria, 
then takes up more complex organisms. 
Final chapters deal with tissue com- 
ponents of multicellular creatures, in- 
cluding one on the brain, and the last 
chapter expands the view to the universe 
as a whole and its possible life-content. 

The key to the entire book is, as one 
might expect, that fashionable set of 
initials, DNA. It arrives first in the dis- 
cussion of mitosis and a description of 
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replication. The role of DNA in the 
synthesis of protein surrounds the dis- 
cussion of viruses, and its part in muta- 
tion lends interest to the material on 
bacteria. 

Multicellular organisms raise the 
question at once as to how tissues can 
be specialized and yet bear identical 
sets of DNA molecules. (Surely this is 
the most tantalizing mystery in mo- 
lecular biology at this moment.) The 
workings of antibiotics are interpreted in 
terms of their interference with DNA- 
supervised protein synthesis. The con- 
nection of DNA with cancer and with 
the problem of the origin of life is 
obvious. 

The book is a pleasant and clearly- 
written guide, for the layman, through 
the molecular biological wilderness, 
with DNA as a unifying thread.— 
Isaac Asimov 


Collected Scientific Papers by Wolfgang 
Pauli, edited by R. Kronic & V.F. 
WzisskoPr; Vol. 1, 1133 pages; Vol. 
2, 1408 pages; $70; John Wiley & 
Sons, Interscience, 1964. 


These two large and weighty volumes 
contain the complete scientific writings 
of Wolfgang Pauli—some twenty five 
hundred pages of his books, review 
artieles, occasional works, and, of course, 
his scientifie papers. Pauli was born in 
1900, with the twentieth century and 
the quantum theory, and his scientific 
work spans the years from 1919 (1) to 
his premature death in 1958. The scope 
and character of his work may be sug- 
gested by remarking that a thorough 
study of these two volumes would come 
close to providing a complete, and pro- 
found, education in modern theoretical 
physics—in its content, its methods, and 
especially its spirit. 

Pauli’s first major work was done 
while he was still a graduate student: 
at the request of his teacher, Arnold 
Sommerfeld, he wrote a comprehensive 
article on relativity for the Mathe- 
matical Encyclopedia. It was greeted 
by Einstein in words that characterize 
all Pauli’s work. “No one studying 
this mature, grandly conceived work 
would believe that the author is a man 


of twenty-one. One wonders what to 
admire most, the psychological under- 
standing for the development of ideas, 
the sureness of mathematical deduction 
the profound physical insight, the 
capacity for lucid, systematic presenta- 
tion, the knowledge of the literature, the 
complete treatment of the subject 
matter, or the sureness of critical 
appraisal." 

These volumes contain such famous 
masterworks as the paper introducing 
the exclusion principle, the solution of 
the hydrogen atom by matrix me- 
chanics, the incorporation of the spin 
into wave mechanics, the papers with 
Heisenberg on field quantization, the 
suggestion of the neutrino at the Sixth 
Solvay Congress, the many papers on 
spin and statistics, and the Handbuch 
article on wave mechanics. But there 
are also lesser known gems, like the 
theory of paramagnetism for free 
electrons (to which Pauli referred in his 
remark, “I don’t like this solid state 
physics—I started it, though"). There 
are Pauli's answers to Ehrenfest's prob- 
ing questions on quantum mechanics; 
(Pauli inherited Ehrenfest's title as “the 
conscience of physics,” and wrote a mov- 
ing and perceptive obituary, included 
here, of his friendly antagonist of many 
years). 

Even some of Pauli’s unique 
personality appears here—in his letter to 
Weisskopf after the overthrow of parity 
conservation, in his "Remarks on the 
History of the Exclusion Principle,” 
and in some of his reviews. Who else 
would have greeted an article on a new 
unified field theory of Einstein's in 1932 
by remarking on the almost regular 
rate with which such theories appeared, 
each referred to as “the definitive 
solution" of the problem, and by sug- 
gesting that one should announce an- 
nually: '"Einstein's new field theory is 
dead. Long live Einstein's new field 
theory!" 

It is & pity that the price and, un- 
fortunately, the fact that the bulk of 
the material is in German will keep 
this set out of the hands of the graduate 
Students who would profit so much 
from it. Let us hope they will find their 
way to it in the libraries! Martin J. 
Klein 
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techniques in biomedical research; 
and essential mathematical con- 
cepts for data processing. 


The book surveys past, present, 
and proposed applications—more 
than 70 applications are described-— 
and illustrates ideas and methods 
for approaching various computer 
problems. Five main areas are 
treated: analysis of biomedical 
systems; synthesis of biomedical 
systems; biomedical data-proc- 
essing methods; special-purpose 
biomedical computers; and use of 
computers in medical diagnosis 
and record processing. ° 
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Recent Progress in Surface Science. 
Vol. II, edited by J. F. DANIELLI, 
-ei al; 541 pages; $18.00; Academic 
Press, 1964. 


The British team which six years ago 
edited a collection of papers on sur- 
faces as a token of homage to N. K. 
Adam, now works on a more permanent 
basis. The second volume of the series 
contains § physico-chemical and 5 
biological papers. “Physical Adsorption 
at the Gas-Solid Interface” by Dubinin, 
Bering, and Serpinskii, ‘Heterogeneous 
Catalysis” by Brennan, “Contact 
Angles" by Elliott and Riddiford, 
“Emulsions” by Davies, “Flotation” 
by Jay and Robinson, “The Genetic 
Control of Cell Surfaces” by Beale, 
“The Physiology of Pinocytosis” by 
Rustad, “Plastron Respiration” by 
Crisp, “Preparation and Properties of 
Isolated Cell Surface Membranes” by 
O'Neil, and “The Cell Membrane: 
Image and Interpretation" by Elbers. 

The coverage is, perhaps, too broad; 
not many people would be interested in 
both halves of the book, and either the 
chemical or the physiological part will 
remain unappreciated. Another draw- 
back is common to all collections of this 
type: a contribution to a “legitimate” 
scientific journal is written when the 
author has something new to say, while 
a contribution to a “Progress in...” 
series is" prepared on the invitation 
of an editor and may, to a considerable 
extent, repeat earlier papers or books by 
the same author. 

The articles are supposed to report on 
the six years, 1956 to 1961, but, 
naturally, many earlier references also 
are given. The first review is particularly 
impartial; my only objection is that it, 
as usual, concentrates on the changes 
produced by the adsorption in the gas 
while the simultaneous (and equally 
important) changes in the solid are not 
emphasized. The authors of the third 
article disagree with the reviewer so 
that he must disagree with them. 
However, all chemical reviews are well 
done and deserve careful reading; and 
physiologists should judge the rest.— J. 
J. Bikerman 
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Biographical Memories of Fellows of The 
Royal Society, 1964, Vol. 10; 388 
pages; $6.; The Royal Society, 
London, W.1. 


Three of the twenty-one memoirs in 
this volume are of especial interest to 
North Americans; they are the 
memorials to Herbert Spencer Gasser, 
Edgar William Richard Steacie, and 
Otto Struve. They share a common 
feature in their lives, high scientific 
achievement and, at the same time, 
superb administrative skill. Lord 
Adrian records of Gasser that “he be- 
came one of the foremost physiologists 
of his generation and remained so in 
spite of his wider responsibilities as 
Director of the Rockefeller Institute.” 
Steacie, born in Montreal, studied at: 
McGill, and, after staff appointments 
there, proceeded to the National Re- 
search Council at Ottawa, first as 
Director of the Division of Chemistry, 
then Vice-President and President of 
the whole Council. “It is difficult,” 
writes his biographer, ‘‘to consider the 
development of science in Canada since 
the last World War without at the same 
time thinking of the late E. W. R. 
Steacie, and of the impact that he had on 
its development.” At the same time, 
“Steacie’s contribution to the advance- 
ment of free radical chemistry was a 
monumental one." Otto Struve came te 
the U.S.A. from Kharkov in Russia. 
A Ph.D. in astronomy at Chicago was 
followed by Directorships which took 
him to Yerkes, McDonald, and to the 
head of the Astronomy Department at 
Berkeley. His researches brought him 
international honors. In 1960 he was 
selected to become Director of the 
National Radio Observatory, at Green 
Bank, West Virginia, where he ushered 
in the era of radio-astronomy in the 
U.S.A. 


Human Engineering Guide for Equip- 
ment Designers, Second Edition, by 
W. E. Woopson & D. W. CONOVER; 
473 pages; $10.00; University of 
California Press, 1964. 


This book contains a large amount of 
material, both qualitative and quantita- 
tive, relating to the interaction between 
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man and his environment. It is pertinent 
to the design of all sorts of mechanical 
equipment in which humans are 
involved. How much room is needed 
for a seated person to work com- 
fortably? How far can he reach for a 
control knob? What should be the size 
and shape of the knob, and how much 
torque can he exert? What kind of 
indicator is best to display what has 
been accomplished? How should the 
work area be lighted and ventilated? 
How are these matters modified in a 
stationary location, in a jet airplane, or 
in a space vehicle? Some conclusions 
are trivial: “Seat heights are expected 
to be at a certain level when a person 
sits down." Others are more subtle: 
“Empty space myopia is a condition in 
which the eyes tend to accommodate for 
a distance of about 6 meters in front of 
the observer. Objects beyond this 
distance are consequently out of focus 
and may not be seen. This can be a 
serious problem if the astronaut is being 
depended upon to detect other objects 
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or vehicles.” This reviewer was 
interested in comparing the dimensions 
of the driver’s seat of his automobile 
with those proposed for an optimum seat 
for the driver who must remain alert 
and comfortable for long periods of 
time. His conclusion was that his trips 
should be limited to only short 
duration —W. J. Cunningham 


The Groups of Order 2°(N<6) by M. 
Harp», Jg. & J. K. SENIOR; 225 
pages; $15.00; The Macmillan 
Company, 1964. 


In a difficult subject like finite group 
theory it is of great importance to have 
examples to test theories. However, 
examples are not readily available. 
E.g., the problem of finding the exact 
number of (non isomorphic) groups of a 
given order is forbiddingly difficult. 
Everything is easy up to order 8 where 
there are three abelian and two non- 
abelian groups, the quaterion group and 
the dihedral group. The next compli- 
cated order is 12, then comes 16. There 
are 14 groups of order 16 and 51 of 
order 32. 

This book gives a table of the 267 
groups of order 64. Even the number 
was not known previously. Each group is 
presented (7) by generators and defining 
relations; (i) by generating permuta- 
tions; (jii) by a diagram of normal sub- 
groups, the normal subgroup and factor 
group béing identified in each case. 
Further, each group is given three 
identification marks, the order, its 
“family” and its “place” in the family. 
Some classification principles devised 
by P. Hall and published elsewhere are 
used. 

The prime number 2 plays a special 
role in finite group theory in many con- 
nections and the problem of this book is 
one of them. Groups of order p", p an 
odd prime, behave differently in certain 
respects from groups of order 2r. E.g., 
there is no non-abelian group of order 
27 all of whose elements (+ 1) have 
order 2. There is, however, à group of 
order 27 all of whose elements (= 1) 
have order 3. 

The work was originally started 
separately by Senior (a chemist) and P. 
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Hall. Their later collaboration was in- 
terrupted by the war. When P. Hall 
found himself unable to return to the 
plan, M. Hall, Jr. used his wide 
experience in group theory to fill his 
place and to explain the theoretical 
background of the construction. 

All the work was done by hand; 
since electronic computers are now 
being employed for algebraic and com- 
binatorial problems it is possible that 
this enormous task could have been 
eased. Patience and time were needed 
for this work, but the reader will soon 
notice that far more than that was 
involved.—Olga Taussky Todd 


Physical Acoustics Principles & Methods, 
Vol. 1, Part A: Methods & Devices, 
edited by W. P. Mason; 515 pages; 
$18; Academic Press, 1964. 


The past ten years have witnessed an 
enormous activity in the area of physical 
acoustics as regards research in gases, 
liquids, and solids and applications in 
such diverse fields as delay lines for 
information storage, mechanical and 
electromagnetic filters for communica- 
tion channel separation, ultrasonic 
cleaning, testing, inspection, measuring, 
machining, welding, soldering, poly- 
merizing, homogenizing, medical diag- 
nosis, surgery, and therapy. 

The book under review constitutes 
one-half of the first volume of a rather 
ambitious undertaking, viz., the produc- 
tion of an integrated treatment óf the 
techniques, applications and analytical 
results obtainable by the methods of 
physical acoustics. The rate of growth 
and development in this field is ever 
increasing and the proposed series under 
the editorship of Dr. Mason, himself a 
most prolific contributor to physical 
acoustics, is most welcome. Since all 
applications and analytical uses depend 
upon the tools and techniques of 
generation, detection, and measurement 
of mechanical disturbances in material 
media, it is appropriate that the first 
volume of the series deal with these 
topics. It is stated that the subsequent 
volumes will apply the principles and 
methods of Volume 1 in dealing with the 
effects and analysis of wave propagation 
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in gases, liquids, solutions and polymers 
(Vol. ID; with the effects of point 
dislocation and grain boundary imper- 
fections on acoustic velocity and at- 
tenuation in polycrystal and single 
crystal metals and in insulating crystals, 
with lattice dynamics and with loss 
mechanisms in the earth (Vol. HD; 
and acoustic topics which contribute to 
an understanding of solid state physics 
(Vol, IV). An obvious important omis- 
sion is that dealing with the topics as- 
sociated with the interaction of ultra- 
sound and biological media. 
_ The seven chapters of Part A of 
Volume I deal with wave propagation 
in fluids and normal solids, guided wave 
propagation in elongated cylinders and 
plates, piezoelectric and piezomagnetic 
materials and their function in trans- 
ducers, ultrasonic methods for measur- 
ing the properties of liquids and solids, 
the use of piezoelectric crystals and 
mechanical resonators in filters and os- 
cillators, and guided wave and multiple 
reflection ultrasonic delay lines. Al- 
though the emphasis is on physical 
aspects, rather than engineering details, 
the references provided are adequate for 
the reader to obtain the necessary 
information for practical applications. 
All authors are acknowledged leaders 
in their respective fields and the treat- 
ments are prepared at the level of the ad- 
vanced graduate student.—Floyd Dunn 
Arachnida by T. Savory; 291 pages; 
$9.50; Academic Press, Berkeley 
Square, London W. 1, 1964. 


Books on spiders are few and still 
fewer consider also the harvestmen, 
scorpions, and other arachnids. The 
only sources of information on these 
groups are out-of-date or rather tech- 
nical. Savory has written numerous 
books and popular articles on spiders; 
the present one replaces The Arachnida, 
published thirty years ago. 

The book deals mainly with morphol- 
ogy and systematics. It is commendable 
that Mr. Savory has adopted the no- 
menclature of the German and French 
literature rather than the profusion of 
English names. On the other hand, the 
book impresses the reader as rather 
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. from the 


superficial. For instance, phenomena are 
named rather than interpreted in view 
of the possible adaptative significance. 
'The volume is not up-to-date in all fields. 
Biochemistry, physiology, behavior, and 
ecology are barely mentioned. The dis- 
eussion of spider silk chemistry refers to 
the classical work of Emil Fischer 
(1907), but makes no reference to more 
recent work using modern analytical 
methods. There is less than a page on 
chitin, and no indication that it is just 
one of the polymers present in the 
exoskeleton. One is bothered, more- 
over, by the quaintness of such state- 
ments as “Not the least of the intentions 
of this book has been to display 
Arachnology as an autonomous, inde- 
pendent science, a branch of knowledge 
as clearly defined as conchology..."; 
in a discussion of the arachnid origin of 
the vertebrates, “...the origin of the 
Vertebrata is to be found among the 
Echinodermata and the arachnid theory 
is left as no more than an interesting 
episode in the history of arachnology”’; 
by the chapter on “Arachnophobia”; 
and by one on historical arachnology, 
listing the dates of various important 
publications interspersed with the dates 
of demise of the better known students 
of arachnids. 

Savory’s volume, however, presents 
such useful sections as a detailed chapter 
on classification including fossil groups, 
a table giving the comparative no- 
menclature of orders, a useful list of 
books and sources on arachnids, and 
much information that is not otherwise 
easy to find, some of which is anecdotal 
and some of great interest. Arachnida, 
despite its minor shortcomings, de- 
serves a place on the shelf of students of 
invertebrate zoology. 

The would-be purchaser might be 
interested to know that the price is 
3 £ ($8.40) if bought from an English 
bookstore, while it is $9.50 if bought 
American subsidiary. of 
Academic Press.—Herbert W. Levi 


Advances in Photochemistry, Vol. 2, 
eidted by W. A. Noxzs et al.; 453 
pages; $16.50; John Wiley & Sons, 
Interscience, 1964. 


In the rapidly unfolding vistas of 


organic chemistry, photochemistry is 
almost in the forefront. The volume 
under review takes stock of the field as it 
stands now and ponders over the many 
questions of theoretical interest that 
have eluded solution thus far. Nine 
different chapters cover the progress in 
the investigations relating to: free 
radical and molecular reactions in the 
gas phase, elementary gas phase re- 
actions involving hydroxyl and oxygen 
atoms, photochemical reactions of sulfur 
and nitrogen heteroaromatic systems, 
photechemical processes in halogenated 
compounds, preparation, properties, and 
reactivity of methylene, photochemistry 
of organic nitrites and hypohalites, 
phosphorescence and delayed fluores- 
cence from solutions, photoionization 
and photodissociation of aromatic mole- 
cules by vacuum ultraviolet radiation. 
The treatment in the different 
chapters varies from highly theoretical 
and quantitative discussions (Benson; 
Kevan and Libby) to practical 


utilitarian aspects of organic synthesis | 


(Mustafa; Akhtar). Such diversity 
offers ample evidence of the scope for 
potential investigations. Mustafa’s 
chapter, in particular, covers virtually 
every known type of chemical transfor- 
mation possible when an organic mole- 
cule absorbs radiation in the visible and 
ultraviolet range. The chapter by Kevan 
and Libby is one of the most lucidly 
presented discussions of the chemistry 
of ionic states, a large part of it dealing 
with reactions in the solid state. Pro- 
fessor Benson’s comments on ‘‘Snap-out 
reactions" or "methylene insertions” 
provide stimulating and provocative 
propositions which indeed are “in- 
tuitively reasonable.” The expression 
“ionicity”? (page 22) seems to be 
unusual. 

The book is well arranged and printed. 
The reviewer would only wish to make 
the remark, that numbering the chemi- 
cal formulae with Arabice numerals 
(Akhtar’s chapter) seems to make for 
easier reading than the use of Roman 
numerals (Mustafa’s chapter) especially 
when the number gets beyond 200! 

The editors richly deserve to be con- 
gratulated on bringing together such 
excellent and topical reviews in the 
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fascinating field of photochemistry.— 
B. S. Thyagarajan 


The Transition from Childhood to 
Adolescence (Cross-Cultural Studies of 
Initiation Ceremonies, Legal Systems 
& Incest Taboos) by Y. A. COBEN; 
254 pages; $5.75; Aldine Publishing 
Company, 1964. 


In this provocative study of the 
means by which children learn to define 
and locate their places in society, Cohen 
reveals a broadly eclectic perspective 
inspired by the findings of psycho- 
analysis, clinical psychology, physiology, 
primate ethology, animal ecology, ge- 
netics, and comparative ethnology. The 
child’s location in the family and ex- 
tended consanguineal kin groups is the 
theme which ties together three cultural 
explicanda whose origins and function- 
ings have intrigued anthropological 
theorists for a hundred years: the 
ritualization of puberty; primitive legal 
systems and the notions of individual 
and collective responsibility; and the 
universal prohibitions of sexual inti- 
macy among specified categories of 
kinsmen. 

Sharing the renewed interest in the 
relationship between human biology 
and culture, Cohen notes that learning 
is most likely to be effective during those 
ontogenetic epochs when, because of 
physical changes which he cannot under- 
stand atid may not even fully sense, the 
child is psychologically “vulnerable.” 
The institutionalized behaviors as- 
sociated with the transition to adoles- 
cence may be several, corresponding 
with two stages of biological puberty. 
The second are those rites, often ac- 
companied by ordeals and the abrupt 
segregation of the initiates, which occur 
around the time of the appearance of the 
overt secondary sexual traits. But the 
first is the more profound. Occurring 
several years earlier, at the “first stage 
of puberty” (marked by biochemical 
changes not superficially visible), it is 
often accompanied by the extrusion of 
the male child from his household and 
the avoidance of further familiar contact 
between brother and sister. The be- 
haviors at both stages function to break 
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down the prior tight identification with 
the nuclear family and force the child 
into other sets of relationships. Basic 
identification within the nuclear family 
correlates with the principle of personal 
liability in law, and an emphasis on the 
extended kin group correlates with 
collective responsibility. 

Recent explanations of incest taboos 
have noted the economic advantages of 
exogamy, demographic factors in pre- 
human societies, deleterious effects of 
inbreeding, etc. Cohen suggests that 
there is a universal psychobiological 
need for privacy which is protected by 
channeling ego’s sexual activities away 
from members of those groups who claim 
his primary identificative energies, to- 
wards kinsmen or strangers whose 
“socio-emotional anchorages” are to 
other groups. 

Cohen’s evidence is a statistical manip- 
ulation of data from 65 societies, rang- 
ing from primitive foragers to modern 
townsmen and villagers. The cross- 
cultural method has inherent diffi- 
culties and in a concluding chapter he 
notes his awareness of some of them. 
The major problems are the selection of 
a sample from a universe of unknown 
dimensions and the determination of 
comparable units. His decision to select 
those societies for which he found 
pertinent ethnographic data sidesteps, 
perhaps reasonably, the methodological 
issue. But it leaves the reader less 
confident in results expressed as p <.01 
or even 0.001.—Michael M. Horowitz 


Optoelectronic Devices & Circuits by S. 
WEBER; 360 pages; $15; McGraw-Hill 
Book Co., 1964 


'The development of the laser has 
stimulated increased interest in the 
utilization of optical devices as integral 
parts of electronic systems for signal 
processing. Progress in this area has 
been quite rapid, making it difficult for 
the experimental research worker and 
the engineer to keep abreast of develop- 
ments. The book under review ‘may 
alleviate some of these difficulties. It 
comprises one very concise descriptive 
article on optical principles, which must 
be considered refresher material due to 


its brevity, followed by reprints of 97 
articles on optical-electronic devices, 
circuits and systems, arranged in 12 
chapters, which have appeared in 
Electronics magazine in recent years. 
The article groupings deal, respectively, 
with: fiber optics and laser principles 
and design considerations; generation, 
modulation, and detection of light for 
communication purposes; military and 
space applications; applications of infra- 
red; display systems utilizing electro- 
luminescence; pattern recognition; ap- 
plications to the computer functions of 
data storage, switching and counting; 
control of industrial processes; instru- 
mentation for measurement purposes; 
and applications in television. 

In general, the articles are very brief, 
many being sufficient for the expression 
of a single idea, and some are pure 
speculation. They are of the how-tt-was- 
done variety rather than the how-to-do-it 
kind. However, many of the techniques 
described are very clever and individuals 
engaged in these specific areas should 
find useful ideas applicable to their 
own problems. 

The dates of publication of the 
original articles are nowhere recorded in 
the book, which makes placing them in 
proper historic period difficult. This is 
mentioned since some of the ideas 
presented have become outmoded since 
publication. A greater than necessary 
number of typographical errors appear, 
but these should not cause the reader 
undue problems.—Floyd Dunn 


Newcastle Disease Virus, An Evolving 
Pathogen, edited by R. P. Hanson; 
352 pages; $7.50; The University of 
Wisconsin Press, 1964. 


Newcastle Disease is an ailment of 
domestic fowl which is caused by a 
virus. The disease was first described in 
1926 and since then has spread through- 
out the world. Because of its economic 
importance it has received widespread 
attention from veterinarians and others 
who are primarily interested in pre- 
venting outbreaks in commercial flocks. 
The virus is also widely studied because 
of its many interesting properties. The 
aim of the symposium and the book 
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was to look at a new disease in its 
entirety and to write the history of its 
evolution. 

As in any compendium, the writing is 
very uneven and this is especially true 
in this case because the writers come 
from very different disciplines. There is 
a great deal of repetition and over- 
lapping between chapters, not all of 
which is bad, if, for example, one were 
interested in getting extensive and con- 
flieting views on the efficiency of vac- 
eination. An attempt was made to 
cover the history of the disease from 
every possible angle. There is a chapter 
on the development of the modern 
chicken and one on the changing 
environment of the chicken which is 
followed by four papers on the history 
of the origin and spread of the disease. 
About 100 pages are devoted to the 
approach of the animal husbandman. 

The central chapters of the book are 
devoted to descriptions of the virus 
itself and its behavior under laboratory 
conditions and this is followed by a 
section on the pathology of the disease; 
there are several papers on other 
myxoviruses. Fenner gave an excellent 
summation of the proceedings in a final 
chapter and compared the knowledge 
of the evolution of Newcastle Disease 
with the evolution of myxomatosis 
where it was experimentally intro- 
duced in wild populations.—George K. 
Hirst 


Motivation: Theory & Research by C. N. 
Corer and M. H. Arper; 958 
pages; $12.50; John Wiley & Sons, 
1964. 


This book provides the serious student 
of behavior with a compendium of the 
facts and fictions about motivation. 
Quantitatively, the bibliography con- 
tains well over 2000 titles; qualitatively, 
the work is outstanding. These authors 
have read with understanding and 
written with clarity and insight. 

Because motivation is not a content 
topic whose boundaries can yet be 
clearly delineated, the book includes 
essentially everything somehow 
motivational...drive and incentive, 
learned and unlearned, human and 
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animal, conscious and unconscious, 
individual and social. It may seem 
strange to find topics such as hoarding, 
fatigue, and sex bedded down in a single 
chapter, but the authors have provided 
sub-summaries of each such topic and 
larger summaries justifying the structure 
they have imposed upon this hetero- 
geneous field. 

By way of conceptual integration, 
Cofer and Appley adopt an equilibration 
(homeostatic) model because they find 
it more general than a simple need- 
reduction model. Then, in place of a 
single goading mechanism based on 
drive stimuli, they propose two arousal- 
type mechanisms based on the interac- 
tion of organism and environment. 
Stimuli appropriate to a state of dis- 
equilibrium activate a sensitization- 
invigoration mechanism, and stimuli 
regularly antedating consummatory be- 
havior activate an anticipation-invigora- 
tion mechanism. These are similar to 
mechanisms advanced by other con- 
temporary theorists, but, in this book, 
they are suggestively related to the 
broad range of motivational topics 
considered. Overall, a very significant 
contribution.—Frank A. Logan 
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The Science of Smell by R. H. WRIGHT; 
164 pages; $4.95; Basic Books, Inc., 
1964. 


This is an interesting book on a sub- 
ject of great importance in physiology. 
The author has brought together a wide 
variety of information on chemorecep- 
tion in insects, fish, and mammals. 
There is some discussion of the impor- 
tance in the life history of the organism, 
but largely it is concerned with problems 
of physiological mechanism. For in- 
stance, he examines the extreme sen- 
sitivity in many of the examples, the 
nature of the chemicals involved, the 
relation of the concentration to the 
response, and finally there is & good 
discussion of various theories of odor 
diserimination. 

Although this book has a clear style, 
it suffers from one drawback. One is 
never certain for whom the book is 
written: parts of it are so elementary 
that even a freshman might be of- 


fended, while other parts are rigorous 
going. The presentation would have 
been more successful if the author had 
set his sights on the level of the intelli- 
gent graduate student, for the many 
sections at this level are excellent.— 
J. T. Bonner. 


Thermal Degradation of Organic Poly- 
mers by S. L. Maporsxy; 315 pages; 
$12.50; John Wiley & Sons, Inter- 
science, 1964. 


Although important papers appeared 
earlier, the start of systematic measure- 
ments here and abroad in the area of 
polymer pyrolysis may be traced back to 
about twenty years ago. The results, 
combined with the existing knowledge of 
hydroearbon decomposition mechanisms, 
led to the formulation of a quantitative 
kinetic chain theory which accounts for 
the different degradation patterns ob- 
served in the low temperature region 
(200-500°C) for different polymer struc- 
tures. One of the prominent centers of 
this activity has been the National 
Bureau of Standards, with which Dr. 
Madorsky continues to be affiliated 
after his retirement as a staff member. 

The volume deals entirely with experi- 
mental aspects and results. After a 
consideration of various degradation 
stills and procedures for the measure- 
ment of weight loss as a function of time, 
the discussion turns to the results for 
specific polymer types. The information 
desired, but not always available, is the 
rate of volatilization and its temperature 
dependence, the chemical composition 
of the volatiles, and the rate of decrease 
of molecular weight. Experimental re- 
sults are presented for polystyrene and 
substituted styrenes, polyolefins, halo- 
genated systems, dienes and their co- 
polymers, polyaromatics and cellulosic 
materials. Results and mechanisms are 
reviewed for both low and high tempera- 
ture degradation, and form the basis for 
suggested structural correlations with 
thermal stability. However, no attempt 
is made to relate quantitatively experi- 
ment to theory. 

Contrary to current restrictive trends 
in such monographs, the author includes 
an adequate and critical account of re- 
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search pursued elsewhere, besides pre- 
senting his own contributions. The 
literature references extend to 1963. 
This volume has much to offer as a 
review of experimental literature to the 
kineticist who is concerned with chain 
and molecular decomposition mech- 
anisms; to the investigator of synthetic 
methods for thermally stable struc- 
türes; to the technologist in search of 
materials for specific applications; and 
finally, to the student desiring general 
information.—Robert Simha 


The Matter of Mendelian Heredity by K. 
R. Lewis & B. Jouw; 269 pages; 
$10.; Little, Brown & Co., 1964. 


This book is for students having little 
prior aquaintance with geneties, but it 
is not a conventional text. It opens with 
a section entitled "Prelude" which 
summarizes what the authors consider 
important for an understanding of 
heredity. Two quotations from this 
section will serve to illustrate their 
opinions. First, the authors put the dis- 
cussion of DNA and the chemical basis 
of heredity at the end of the book be- 
cause, “just as we prefer a student who 
knows the relationship between meiosis 
and Mendelism to one who knows the 
cytological details of a division and the 
chemical structure of the spindle, let us 
say, so do we prefer one who appreciates 
the biological significance of the Mende- 
lian diseovery to one who ‘knows’ the 
detailed structure of a molecule—even 
the DNA molecule.” Second, they cau- 
tion the teacher. Let him teach the older 
discoveries in the light of subsequent 
ones-not in their shadow.” “That they 
are old does not make them fundamental, 
but they are fundamental even though 
they are old." 

The book holds closely to the con- 
cepts set forth in the Prelude. Chapter 
one discusses the behavior of genes and 
chromosomes in meiosis. Mendel's re- 
sults are considered in detail. Chapter 
two considers elementary statistics and 
probability; Chapter three, interaction 
between genes; Chapter four, breeding 
systems; and Chapter five, mutation, 
selection, and evolution. Chapter six 
is a curious interlude which deals with 
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making chromosome preparations and 
the details of meiosis. Chapter seven 
considers the chemical basis of heredity 
and is not particularly enlightening. 

Generally speaking, the book re- 
presents a thought-provoking and re- 
freshing departure from the molecularly- 
oriented texts which are now in vogue 
and it should serve as & counterbalance 
to them.—Nicholas W. Gillham 


Space Physics, edited by D. P. Le- 
GALLEY & A. Rossen; 752 pages; 
$25.00, John Wiley & Sons, 1964. 


This unique book is a monumental 
compilation of scientific data accumu- 
lated by some 150 satellites and space 
probes launched by the United States 
prior to mid-1963. As such, it com- 
prises an indispensable handbook for 
the specialists in many aspects of space 
exploration. The utility of the book 
extends considerably beyond this pri- 
mary purpose, however. By imbedding 
the presentation of the data in à matrix 
of pleasant tutorial discussion con- 
cerning the means of acquisition of the 
data, their interpretation and signif- 
icance, and their correlation with 
previous knowledge and with data from 
other space experiments, the authors 
have also provided a useful graduate 
text, and an informative, circumspect 
exposition for the non-specialist. 

Specificially, the book consists of 
four major sections. The first describes 
the purposes and techniques -of the 
space experiments, including some 
description of the individual space 
vehicles which transport them. The 
second section deals with the physical 
properties of the sun, the planets, and 
their atmospheres, including a detailed 
chapter on the upper atmosphere of the 
earth. The third section discusses the 
distribution and intensities of the inter- 
planetary magnetic fields and solar 
plasmas, and the fourth section is 
reserved exclusively for the critical 
problem of high energy radiation pat- 
terns in space. 

In general, the book is attractively 
presented. The figures and graphs are 
clearly displayed, as are most of the 
tables, although a few of the latter tend 


to be somewhat ponderous. The Table 
of Contents is particularly clumsy and 
overbearing. The references are col- 
lected at the end of each chapter. and in 
most cases are quite complete. 

One might logically question the 
exposition of this subject matter at a 
time when space research is just emerg- 
ing from its infancy into a period of 
systematic study. A steadily growing 
number of unmanned probes and satel- 
lites are daily accumulating new data, 
some of which must supersede those 
presented in this book. As the most 
perspective of all diagnostic devices- 
man-injects himself more regularly into 
the space domain, the rate of data 
acquisition will grow exponentially. 
Nevertheless, this present book will 
serve well as the primary reference, on 
which subsequent, more technically 
detailed, but less tutorial volumes may 
be based.—Rabert G. Jahn 


Single-Crystal Films, edited by M. H. 
FnaNcoMBE & H. Saro; 420 pages; 
$14.50; The Macmillan Co., Per- 
gamon, 1964. 


This book collects the papers given at 
an International Conference at the 
Phileo Laboratories, Blue Bell, Penn- 
sylvania, in May 1963. The conference 
was intended to stress studies on films 
in an optimal state of erystalline per- 
fection, ie., single crystals as free as 
possible of impurities, point defects, 
and dislocations. Since perfection of any 
kind is easier to specify than to achieve, 
most of the work actually reported dealt 
with experimental studies of epitaxial 
growth of films of metals, silicon and 
germanium, with assessment of imper- 
fections by means of X-ray and electron 
diffraction and electron microscopy. 
This work should be of great interest to 
chemists and physicists who may wish 
to use these epitaxial films in their own 
work. One thinks immediately, for 
example, of the value of such materials 
in studies of surface reactions, contact 
catalysis, and electrochemical kinetics. 

Several interesting theoretical de- 
velopments are described in some 
detail. Van der Merwe gives an excellent 
account of the “surface dislocations” at 
the interface of a bicrystal, and 
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` Hirth, Hruske, 


Mathews provides electron microscope 
views of these interesting imperfections 
in thin films of gold-silver alloys. 
and Pound review 
nucleation theory to reach the 
conclusion that atoms striking a sub- 
strate adsorb and thermally equilibrate 
before they move over the surface to 
join an embryo or nucleus. 

The publisher has produced this book 
with unwonted elegance, so that the 
many beautiful electron micrographs 
retain their full clarity. In many of 
these we discover new evidence that 
Nature is one of the leading artists of the 
abstract impressionist school. The pic- 
tures obtained by Sella and Trillat of 
cleavage faces of rock salt decorated by 
metal evaporation are especially strik- 
ing—whirls and arabesques with ger- 
manium nuclei, flowers in gold films 
viewed by transmission, Other fantastic 
forms are the “oriented wrinkles" ob- 
served by Yelon and Voegeli in an- 
nealed films of nickel on rock salt. 
One might conclude that not only every 
Scientific library but also every library 
of fine arts should have a copy of this 
remarkable book. But the persons who 
need it.most are those toilers in the field 
of surface chemistry who are not yet 
convinced that they must define pre- 
cisely the surfaces on which they are 
working.—Walter J. Moore 


Methods in Carbohydrate Chemistry, 
Volume IV: Starch, edited by R. L. 
WHISTLER; 335 pages; $13.50; Aca- 
demie Press, 1964. 


Sixty-one contributors have collabo- 
rated in preparing 75 articles on the 
chemical technology of starch as Volume 
IV of the excellent series “Methods in 
Carbohydrate Chemistry." Thus, the 
starch chemists now find themselves in 
the same favorable position as the mono- 
saccharide chemists (Volume I and II) 
and their configurational counterparts, 
the cellulose chemists (Volume III). 

The current volume is divided into six 
sections which fall into a logical pattern. 
Section I deals with the preparation of 
starch and starch fractions, and it would 
appear that the best methods are in fact 
presented for the isolation of starch 
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from corn, wheat and potato sources. 
The section on chemical analyses is 
quite complete, dealing with analyses 
of whole and modified starches, starch 
fractions and starch hydrolyzates. 
Section III on physical analyses follows 
the same outline as the one on chemical 
analyses and deals with such physical 
characteristics as density, viscosity, 
mechanical properties, optical rotatory 
dispersion, diffusion, osmometry, and 
sedimentation. The next section on 
microscopy is quite short but includes 
both optical and electron techniques. 
Section V deals with the degradation of 
starch. Attention is given primarily to 
acid hydrolysis and enzymatic degrada- 
tion; however, an article each on the 
acetolysis of amylopectin and the 
methanolysis of starch is given. It seems 
unfortunate that a discussion of alkaline 
degradation is not given here. The last 
section discusses the derivatives of 
starch. After some preliminary articles 
on reactivity, which are primarily con- 
cerned with various pretreatments to 
achieve greater reactivity, the re- 
mainder of the section deals with the 
formation of esters and ethers. Two 
articles are devoted to the oxidation of 
starch, including the preparation of the 
industrially intriguing  dialdehyde 
starch. 

As was the case with the previous 
volumes in this series on the entire 
field of carbohydrate chemistry, Volume 
IV on starch is a well-prepared and 
authoritative addition to the -techno- 
logical literature. All chemists dealing 
with starch will wish to add this book to 
their collection.—Ludwig Rebenfeld 


Nutritional Factors in Virus Formation 
by K. YaMaruj; 128 pages; $7; 
J. B. Lippineott Co., 1964. 


- In this short book Professor Yamafuji 
(Kyushu University, Japan) attempts 
to summarize his hypotheses on nutri- 
tional relationships and virus formation. 
Observations made in higher animals 
are discussed and supplemented with 
extrapolations from insect and plant 
virus studies as well as 'phage systems. 
The book is divided into three main 
sections: 'Chemistry of Virus Parti- 


cles”; “Virus Formation in Relation to 


Cellular Metabolisms and Nutritional 
Factors’; and “Mechanism of Virus 
Induction.” Each of these sections is 
ubdivided into a number of inde- 
pendent discussions. For example, one 
of the topics in the second section is 
entitled “Factors Relating to Nucleic 
Acid Metabolism” and subdivided into: 
(1) Deoxyribonucleic and ribonucleic 
acids (a) Animal Viruses (b) Bacterial 
Viruses; (2) Purines and Related Com- 
pounds (a) Effects on Virus Multiplica- 
tion (b) Incorporation into Nucleic 
acids; (3) Pyrimidines and Related 
Compounds (a) Effects on Virus Multi- 
plieation (b) Ineorporation into Nucleic 
acids; (4) Nitrite and Hydroxylamine 
(a) Virogenic action (6) Mutagenic 
action. 53 illustrations and chemical 
formulas are used together with 24 
tables to provide substance for the 
author’s conclusions. Included in the 
283 references are 78 papers by Professor 
Yamafuji and associates (dealing with 
silkworm virus problems). 

It is obvious that the original text was 
not written in English, and it is un- 
fortunate that the translation was not 
carefully edited by someone familar 
with the subject matter. Professor 
Yamafuji has been able to carry out in 
his studies on silkworm viruses a 
number of experiments resembling those 
carried out using animal viruses and 
bacteriophage systems. He concludes 
that viral diseases can be regarded as 
the consequences of specific nutritional 
or metabolic disturbances, and main- 
tains that the discovery that normal 
cellular metabolism produces inter- 
mediates with the ability to induce viral 
polyhedrosis by activating a chromoso- 
mal genome may afford promise of 
solving the important but difficult 
problem of the virosis-nutrition re- 
lationship. 

Professor Yamafuji’s book is one of 
the series “International Monographs. 
Aspects of Animal and Human Nutri- 
tion.” The chief concern of this series is 
to study and show the nutritional 
environments best suited to a perfectly 
normal metabolism of the organism. 
Disease is considered as a consequence 
and not a cause of this disturbed metab- 
olism.—D. Perlman 
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Differentiation & Development. Pro- 
ceedings of a Symposium sponsored 
a by the New York Heart Association; 
~ 172 pages; $5.50; Little Brown & 
Co., 1964. 


This is an exceptionally good 
symposium on topics of current interest 
in development. It has the consistently 
high caliber of some of the early growth 
symposia and deserves widespread at- 
tention. The papers are by D. M. 
Bonner, P. R. Gross, W. Beerman, 
H. O. Halvorson, B. Mintz, D. D. 
Brown, R. L. DeHaan, and N. K. 
Wessells, with introductory remarks for 
the various sections by E. L. Tatum, 
A. E. Mirsky, C. L. Markert, and C. 
Grobstein.—J. T. Bonner 


Unified Theory of Nuclear Models by 
G. E. Bnoww; 178 pages; $7.25; 
John Wiley & Sons, 1964. 


The central idea of this book is that 
many of the models invented to explain 
quite different aspects of nuclear spectra 
can be usefully regarded as manifesta- 
tions of the Hartree-Fock theory of self- 
consistent fields. Since all the nucleons 
contribute to the self-consistent field, 
collective nuclear motions will exhibit 
themselves especially vividly as a cor- 
responding motion of the field. For 
example, Brown discusses rotational 
states of nuclei in terms of the theorem 
of Thouless and Valatin {1 that if the 
self-consistent field is non-spherical, the 
Hartree-Fock equations have solutions 
corresponding to slow rotation of this 


field. The various types of nuclear 
motion leading to vibrating self-con- 
sistent fields are discussed at length. 
This is reasonable, as Brown himself 
made some of the most important 
contributions to this subject. He first 
presents his and Bolsterli’s [2] simple 
but strikingly successful model of the 
giant dipole excitation. Then he dis- 
cusses vibrations in terms of the mathe- 
matical scheme alternatively called 
“time-dependent Hartree-Fock theory,” 
‘linearization of the equations of 
motion,” or “randomphase approxima- 
tion.” The theory of pairing correla- 
tions is presented according to the 
Copenhagen prescription [3], in which 
the quasiparticle transformation is intro- 
duced in an attempt to generalize the 
seniority concept to a situation in which 
the nucleons move in non-degenerate 
single-particle levels. The last section 
of the book treats the optical model, 
especially the picture of Lane, Thomas 
and Wigner [4]. The treatment here 
follows Brown’s Revs. Mod. Phys. 
article (51 on the same subject. 

So much physics can be put into so 
few pages (172), because of the way the 
book is built around the single idea of 
the self-consistent field. This should 
also make it useful for the part of a grad- 
uate nuclear physics course dealing with 
nuclear models. However, although 
Brown has taken great pains to empha- 
size the physical ideas, the conscientious 
reader or student must be prepared to 
fill in many of the details for himself.— 
B. F. Bayman 
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The Physical Chemistry & Mineralogy of 
Soils, Vol. I: Soil Materials by C. 
EDMUND MARSHALL; 388 pages; $12. 
John Wiley & Sons, 1964. 


A valuable contribution has been 
made to the soils literature with the 
publieation of Marshall's book. Before 
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the appearance of this volume the litera- 
ture pertaining to soil chemistry and 
mineralogy consisted largely of a group 
of diversified publications in various 
journals and languages without a com- 
mon denominator. Thanks to the efforts 
of Professor Marshall, this information 
is now drawn together in a concise, 


scholarly fashion. Topics and references 
are judiciously chosen. The author’s 
publications, together with those of 
Mattson, Wiegner, and others, are ex- 
tensively quoted. 

The first chapter deals with the gen- 
eral physical chemistry of the soil sys- 
tem. The next chapter, dealing with the 
mineralogy and chemistry of sand and 
silt, is a review of structures of various 
minerals and experimental findings 
under controlled conditions. After read- 
ing this chapter one may question 
whether the author actually got around 
to discussing the topic implied in the 
title. Following Chapter 2, Marshall 
really gets to the center of the problems 
and here he is at his best with chapters 
covering the physical chemistry of col- 
loidal systems, adsorption, electrochem- 
ical properties of clays, ion exchange, 
physico-chemical fixation, and electro- 
kinetics. These are considered the prime 
chapters and, in this connection, they 
stand out as probably the most impor- 
tant and authoritative work on the sub- 
ject that is available today. Chapter 4, 
dealing with properties of organic mat- 
ter, while perhaps meeting the intended 
needs of the text, does not give complete 
treatment to the subject. Of the 49 
references in Chapter 4, only 1 postdates 
1953. This suggests that Marshall had 
either written the chapter 10-12 years 
ago or research activities in this field 
have been at somewhat of a standstill. 

Thanks to modern instrumentation 
and the efforts of many investigators, 
chemical and physical reactions of the 
soil are now understood a little better. 
The major hurdle of translating labora- 
tory investigations to the natural soil 
system, however, still remains to be 
bridged. 

The volume is an advanced and theo- 
retical treatment of the subject. It is not 
a book on methodology and the author 
makes no claim to this effect. It will 
serve as a valuable source of information 
for advanced students, teachers, and 
researchers in soils, geology, mineralogy, 
and chemistry (P. 154, ref. 64, high 
field should read Highfield.)—J. C. F. 
Tedrow 
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Fabric & Mineral Analysis of Soils by R. 
Brewer; 470 pages; $15; John Wiley 
.& Sons, 1964. 


V 


This book brings together and organ- 
izes information and concepts about 
micromorphology of soils, particularly as 
seen in thin section with the aid of a 
petrographic microscope. Here is an im- 
portant textbook and manual on pedog- 
raphy which parallels books treating the 
older discipline of petrography. Pro- 
cedures given in the appendix include 
those for hardening undisturbed soil 
samples so that they can be cut and 
ground like rock specimens. Most of the 
133 figures are microphotographs taken 
in plain or polarized light of soil con- 
stituents and features in their natural 
arrangement. 

Brewer proposes observation of soils 
at a number of levels of magnification 
using a hand lens in the field, a stereo- 
microscope with undisturbed monoliths, 
and a petrographic microscope with thin 
sections and grain mounts. The book 
builds an important bridge between 
macroscopic field description of soil pro- 
files and the common laboratory analy- 
ses of mixed and sieved samples repre- 
senting entire soil horizons. This bridge 
was well begun by Kubiena twenty 
years ago. Brewer has mastered the sub- 
ject and enlarged it enormously. He re- 
ports the results of over a decade of 
research, much of which was done in the 
Division of Soils, Commonwealth Scien- 
tific and Industrial Research Organiza- 
tion, Australia. He presents a thorough 
summary of work of other investigators, 
as reported in the pedologic literature, 
and as reviewed by him with many 
workers in the course of his extensive 
travels. 

The bulk of the book is devoted to the 
considerable task of naming and defining 
what one sees through the microscope in 
thin sections of soils. The observed fea- 
tures include such items as a clay-rich 
“s.-matrix,” a manganiferous concretion 


("glaebule"), and a clay coating (“‘argil- . 


lan”) on the surface of a void where fine 
plant roots may be concentrated, An 
ambitious system of classification of 
attributes and features of soil structure 
is presented and succinctly related to 
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some theories of their genesis. Labora- 
tory experiments to produce artificial 
replicas of pedologic features are dis- 
cussed briefly. Interesting research pos- 
sibilities in the expanding field of pedog- 
raphy are indicated. 

One could wish that in the next edi- 
tion of the book all technical terms, 
many of which are new, were clearly de- 
fined and related. The proposal that 
geographic names be used in labeling 
variants of soil fabrics and s-matrixes 
might well be deleted —Francis D. Hole 


Advances in Child Development & Be- 
havior, Vol I, edited by L. P. Lipsrrr 
& C. C. SPIKER; 387 pages; $12.00; 
Academic Press, 1964. 


Developmental psychology encom- 
passes research on a wide variety of 
psychological and growth phenomena. 
In addition, it is concerned with method- 
ological problems of developmental 
research as well as with the more me- 
chanical aspects of obtaining and han- 
dling infants and children for use as sub- 
jects. 

Because of the amorphous nature of 
the field and the wide variety of re- 
searchers who may at times be interested 
in working with children, the publication 
of handbooks has been relatively fre- 
quent. Handbooks, however, are terribly 
ponderous in style as well as mass, and, 
more importantly, the information they 
contain is often quite dated by the time 
it reaches the experimenter. Also, re- 
quirements for completeness typically 
force the contributors to cover classic 
chapter heading topics rather than more 
specific research or methodological is- 
sues. 

A series such as Advances in Child 
Development and Behavior, by presenting 
in successive volumes critical syntheses 
of currently prominent research areas, 
can avoid many of the faults of the 
handbook and make a valuable contri- 
bution. The first volume has nine chap- 
ters, six of which were written by staff or 
former students from a single university. 
This limits the scope of the book to some 
extent. There are six chapters on various 
aspects of learning: three of these are on 
discrimination learning; one is on word 


associations; one is on learning in in- 
fancy; and one is on the functional 
analysis of behavior. The other three 
chapters are concerned with physical 
growth, the development of perceptual 
constancy, and children’s responses to 
novelty and complexity. 

There is also considerable variability 
in breadth of coverage of the various 
chapters. Some are thorough and excel- 
lent reviews, others report primarily the 
author’s research. Most of the chapters 
might have been presented, with only 
slight modification, as articles in existing 
journals. With the book selling for 
$12.00, many a reader might have pre- 
ferred such an arrangement.—W. E. 
J'effrey 


Introduction to Properties of Materials by 
D. ROSENTHAL; 359 pages; $7.95; D. 
Van Nostrand Co., 1964. 


The repeated demands upon engineers 
to produce systems to function reliably 
in environments previously unexplored 
by man makes the nature of Engineer- 
ing Education an important factor in 
determining the useful life of an engi- 
neer. It is no longer adequate to base 
this education on an understanding of 
modern technology without the support 
of a knowledge of the fundamental 
atomie mechanisms underlying the 
properties of materials. The increas- 
ingly shorter time between the advent of 
a new concept in the fundamental re- 
search laboratories and its application in 
engineering products requires the engi- 
neer continuously to update his ap- 
proach to problems. Certainly, this is 
made an easier task if he has been 
trained to reason from first principles. 
Professor Rosenthal's book provides an 
introduction to the properties of mate- 
rials written with these problems in 
mind. The text proceeds through an 
introduction to atoms and the processes 
of crystal growth to the macroscopic, 
mechanical, electrical, and thermal 
properties of real materials. The depend- 
ence of these bulk properties on the 
atomic nature of the materials is exam- 
ined and correlations between properties 
such as thermal and electrical conduc- 
tivity pomted out. The text has a suffi- 
cient number of references to enable the 
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interested student to acquire the habit of 
independent search for understanding 
e and contains good diagrams and photo- 

phs. The quantity and detail of the 
material covered should make the text 
suitable for a one semester course for 
engineering students in their Junior 
year.—B. S. H. Royce 


Thé Conduct of Inquiry, Methodology for 
Behavioral Science by A. KAPLAN; 428 
pages; $8.00; Chandler Publishing 
Company, 1964 


Formal accounts of scientific methods, 
rendered by logician or experimental 
craftsman, often are light years away 
from the concerns and problems of day 
to day scientific practice. Large segments 
of the scientific community thus tend to 
view new methodological studies with 
cold indifference or overt hostility. Valu- 
able methodological work, as a result, 
may be rejected even without benefit 
of cursory examination. Kaplan’s ac- 
count of scientific methods is one such 
work that behavioral scientists with 
responsible attitudes toward training 
can scarcely afford to ignore. 

The range of the book is enormous. 
Scientific concepts, laws, measurements 
and statistics, theory and models are 
among the topics analyzed in depth. 
Yet, each is related to contemporary 
behavioral science with admirable skill. 
The author has succeeded where so 
many haye failed for a variety of rea- 
sons. Among the most important is his 
insight that verification in science, as 
well as discovery, is not an entirely logi- 
cal process. At the outset, he sharply 
distinguishes between actual scientific 
activity and idealizations or logical 
reconstructions of such. The author’s 
constant emphasis on this distinction, 
although often subtle, clarifies much 
that is confused in eurrent behavioral 
inquiry.—Roy Lachman 


An Introduction to Radiation Chemistry 
by J. W. T. Sprinxs & R. J. Woops; 
477 pages; $12.75; John Wiley & 
Sons, 1964. 


The authors of this excellent introduc- 
tion to a fast growing and important 
field of chemical research have succeeded 
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in bridging the gap between the uniniti- 
ated scientist, engineer, or layman and 
the practicing radiation chemist. Both 
types of individuals will be interested in 
this book. 

The specialist in this field will want 
this book on his own private bookshelf, 
for it serves as a quick and comprehen- 
sive reference to the important literature 
in the field up to late 1963. He will find 
more modern interpretations put on 
older data in the literature, as well as 
dispassionate, balanced treatments of 
areas of radiation chemistry where much 
controversy has existed. He also will find 
the book to be an excellent text, with 
problems, for a senior-graduate type 
course. 

The layman will find many interesting 
features in this book, whether he is 
merely interested in “browsing” or try- 
ing to catch up with recent technology in 
radiation processing. If he is not caught 
up in the comprehensive chapters deal- 
ing with the fundamental aspects of the 
interaction of radiation with matter, 
ions and excited molecules, and free rad- 
icals he may examine what differences 
exist in the radiation chemistry of gases, 
solids, and liquids. Or he may wish to 
peruse the chapter on polymerization 
induced by ionizing radiation. The chap- 
ters on sources of radiation, interaction 
of radiation with matter, and radiation 
dosimetry are recommended reading for 
the individual who wishes to be able to 
cope with and understand more thor- 
oughly the ionizing radiations which 
play an increasingly important role in 
his civilization. 

Due to the rapid progress made re- 
cently in certain areas (e.g., pulse radi- 
olysis), certain sections of the book are 
now out of date. Nevertheless, in the 
opinion of this reviewer, this volume re- 
mains the best single comprehensive 
treatment of radiation chemistry avail- 
able today.—C. N. Trumbore 


William Herschel & the Construction of 
the Heavens by M. A. HoskiN; 199 
pages; $6.00; W. W. Norton, Inc., 
1964. 


William Herschel himself is the guid- 
ing spirit of this volume. At least two- 


thirds of the text is Herschel’s and is 
comprised of excerpts from various 
papers which appeared from 1783 to 
1817. Michael Hoskin has devoted his 
own commentary to analyzing Her- 
schel’s contributions in the light of the 
evolution of astronomy during that 
period. He has also enlisted the aid of 
Dr. D. W. Dewhirst of the Cambridge 
Observatory, who has gone through the 
laborious and necessary task of identi- 
fying most of the stellar objects de- 
scribed by Herschel, and of giving their 
present designations. 

Herschel’s abilities, idiosyncrasies, 
and wide range of thought have long 
been known. The present work nicely 
shows his intellectual development with 
respect to his theories of the stellar sys- 
tem. Most impressive is the record of 
Herschel’s struggle to be an empiricist, 
to refrain from hastily leaping to con- 
clusions on the basis of insufficient data. 
In spite of his professed caution, 
Herschel simply did not operate that 
way. Mr. Hoskin shows how Hers- 
chel’s grand hypotheses not only di- 
rected his investigations, but also 
often caused him to close his mind to 
"ineonvenient facts," even when he was 
the first to notice the pesky things. The 
deliberate selection of observations in 
order to shore up his theories was a mark 
of Herschel’s genius, which should be 
another warning to anybody that might 
still think of science as a well-ordered 
development. according to fixed rules of 
method. Indeed, at one point Mr. 
Hoskin declares that Herschel’s achieve- 
ment “was more brilliant in conception 
than in execution,” which is certainly 
not the usual comment on the great 
astronomer. 

Covered sequentially are Herschel’s 
work on double stars and the motion of 
the sun, the construction of the heavens 
(first synthesis), the construction of the 
heavens (second synthesis), and the last 
effort of 1817 to view the heavens in 
three dimensions. Mr. Hoskin has pro- 
duced an excellent monograph—the 
kind that the historian finds so useful 
and so necessary.—J. Morton Briggs, Jr. 


Fracture Processes in Polymeric Solids 
(Phenomena & Theory), edited by B. 
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Rosen; 835 pages; $27.50; John 
Wiley & Sons, Interscience, 1964. 


M The editor and authors have made a 
valuable contribution in preparing a 
volume providing a much needed exposi- 
tion of present knowledge of fracture 
processes in polymeric solids. The aim of 
the book is twofold. “(1) to bring the 
investigation of fracture processes in 
other materials into contact with the 
concepts, ideas and results of the work of 
polymer scientists whose main interests 
are the relations between chemical struc- 
ture and mechanical] behavior, and (2) to 
familiarize the polymer scientists with 
the thinking, theories, and results of 
physicists and engineers who approach 
fracture as a feature of the solid state or 
as a limit to material performance.” 

In order to accomplish this aim, the 
editor had to solve a formidable problem 
in selecting the topics relating to various 
aspects of fracture processes. The broad 
scope of the book is indicated by chapter 
headings: Polymeric Solids, Brittle-Like 
Fracture, Time-Dependent Fracture 
Processes, Failure Processes, and Sup- 
plementary Contributions. The first 
chapter offers a clear exposition of basic 
concepts of polymer morphology, phys- 
ics and mechanics. It is followed by a 
review of Griffith’s theory of strength of 
brittle solids. The subsequent presenta- 
tion of experimental data concerns the 
effects of temperature, molecular size, 
and oriéntation. Although these varia- 
bles have an important role in fracture 
process, a theoretical treatment relating 
them to the observed effects had not 
been proposed up to the time this vol- 
ume was compiled. 

Glasses and amorphous unfilled poly- 
mers are the subject of discussion in 
the chapter on time-dependent frac- 
ture processes. Progressive weakening 
of glasses is treated primarily from 
the phenomenological standpoint. The 
treatment is therefore concentrated on 
crazing and related effects. Viscoelastic- 
ity and time-temperature superposition 
are emphasized in treatments of fracture 
of rubber-like solids. Special topies such 
as cutting, effect of molecular orienta- 
tion, morphological aspects of deforma- 
tion, role of chemical changes in frac- 
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ture, ete., are discussed in Chapter IV. 
“Supplementary Contributions” include 
an interesting theoretical derivation of a 
distribution function for fragmental size 
which is based on Griffith’s model of 
strength in conjunction with a theory of 
probability. It is followed by a review of 
experimental methods and results. A 
discussion of the effects of stress raisers 
and plane waves in non-linear visco- 
elastic materials completes the volume. 

This book, which offers a competent 
survey of literature, was written with 
the aim of exploring the applicability 
and limitations of Griffith’s concept for 
polymer solids. The concise and stimu- 
lating coverage may well initiate new 
investigations in this young branch of 
material science. The volume will, with- 
out any doubt, be of considerable value 
to both engineers and polymer scien- 
tists interested in this field—Dusan C. 
Prevorsek 


Space Exploration, edited by D. P. 
LzgGanugY & J. W. McKee; 467 
pages; $17.50, McGraw-Hill Book 
Co., 1964. 


This book is a fifteen-chapter record of 
a statewide University of California 
Extension lecture series on a variety of 
astronautical subjects. The lectures 
generally must have been very interest- 
ing and profitable to the audience. The 
reviewer, however, questions the neces- 
sity or desirability of their being re- 
corded in book form as a contribution to 
the literature of astronautics. 

Most of the contributors have at- 
tempted to survey the current status 
and prospects in their fields of interest. 
'These lectures, in the main, are up-to- 
date as of the end of 1962, but astro- 
nautics is a fast-developing field and the 
eighteen-month publication delay has 
dated some of the presentations. Few 
lectures read well without some exten- 
sive re-writing, and despite the time be- 
tween presentation and publication this 
necessary task seems generally to have 
been shirked. 

This reviewer does not wish to belittle 
the technical achievement of the 
authors. Most of the chapters contain 
interesting and informative material 


But the literature of astronautics would 
have been better served by their sepa- 
rate appearance in more polished form in 
the specialist journals, or in the broader 
context of such periodicals as Astro- 
nautics and Aeronautics, American Scien- 
tist, or Scientific American. The one ex- 
ception to the generally high technical 
level of the book is the last chapter en- 
t led “Technological and Economic 
Thupact of Space Exploration" in which 
this important topic, objective treat- 
ment of which has been largely neg- 
lected, is handled in a trifling fashion. 
The book covers an enormous range of 
topics: ‘Space Nuclear Propulsion," 
“The Environment of the Planets," 
* Astrodynamics," “Meteorological Sat- 
ellites,” to name a few, but fails to 
achieve the comprehensive scope of the 
earlier volume of similar origin, “Space 
Technology” (Wiley, 1959). The latter, 
along with the valiantly attempted 
“Handbook of Astronautical Engineer- 
ing" (McGraw-Hill, 1961), by virtue of 
their comprehensiveness, are good candi- 
dates for the personal bookshelf. “Space 
Exploration” seems more the responsi- 
bility of the libraries. The libraries 
should not have to earry this type of 
load in astronautics much longer. The 
discipline is well established. Good sur- 
veys and reviews belong in periodicals, 
where their appearance is most welcome. 
A book in this area should now be more 
than a mere collection of articles. “Space 
Exploration” is not.—Neville A. Black 


Chemical Reactions of Polymers by E. M. 
Ferres; 1304 pages; $42.00; John 
Wiley & Sons, 1964. 


A characteristic of high polymer 
science is that very minor side reactions 
which occur accidentally or purposefully 
after the polymer has been synthesized 
cause very major effects on the final 
properties of the polymer. For example, 
a small amount of oxidative scission or 
cross-linking is of overriding importance 
in the long-term behavior of polymers 
with respect to resistance to aging and 
weathering. A minor amount of chemical 
crosslinking converts a thermoplastic 
substance to a thermoset substance. An 
excellent example of the latter is the vul- 


canization of rubber with sulfur and 
accelerators. High energy radiation also 
causes cross-linking and scission of poly. p 
mers, 

Low molecular weight linear polymers 
can be chain extended to high molecular 
weight materials by means of difunc- 
tional and polyfunctional reagents. In- 
teresting examples of this type are the 
urethane prepolymers and the epoxides 
and the liquid polysulfide polymers. All 
of these reactions and many, many more 
are of great industrial and theoretical 
interest. The understanding of these 
diverse reactions invokes a very broad 
range of chemistry. 

The editor of this book has obtained 
some very capable authors, expert in the 
various fields, to write sixteen self- 
contained chapters on important chemi- 
cal reactions of polymers. The book will 
be very helpful as & general reference 
book and the individual chapters will 
serve as very useful points of departure 
for research workers entering these vari- 
ous fields.— Arthur V. Tobolsky 


Experimental Entomology by K. W. 
Cummins et al, 176 pages; $6.50; 
Reinhold Publishing Corporation, 
1965. 


The Class Insecta contains over one 
million species and shows more variety 
of form, habitat, and life history than all 
other animal classes combined. This ani- 
mal omnibus has baffled most efforts to 
teach insect biology, which have largely 
fallen back on comparative morphology 
and systematics to give students a “feel” 
for insects. At least three bulky books on 
insect physiology are available, but they 
are not quite suitable to provide a 
biology student with his first scientific 
acquaintance with living insects. This 
little book attempts to establish such a 
contact, and does it in a fresh and inter- 
esting fashion. It is intended to serve as 
a laboratory companion to Introduction 
to Comparative Entomology by R. M. Fox 
and J. W. Fox (Reinhold), and gives 
instructions for laboratory exercises in 
morphology (25 pages), systematics (25 
pages), genetics (9 pages), physiology 
(41 pages), behavior (16 pages), and 
ecology (26 pages). In addition there is 
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an appendix on methods for raising live 
cultures, and making media and special 
equipment. Such space limitation could 

t but result in a treatment that is 
often thin and one-sided (in the direction 
of respiration and caddis flies). Never- 
theless, the writing is concise and clear, 
and many of the experiments show nov- 
elty and freshness and bring the student 
into brief contact with a variety of up- 
to-date experimental techniques not 
usually associated with undergraduate 
laboratory work on insects. References 
are plentiful and each experiment im- 
plies that it is a departure platform for 
more intensive and detailed experi- 
ments. Although the price is steep for & 
book of this size it should bring refresh- 
ment to traditional college laboratory 
exercises on insects.—Kenneth D. Roeder 


Bituminous Materials: Asphalts, Tars, 
and Pitches, Vol. I, edited by A. J. 
Horpere; 432 pages; $17.50; John 
Wiley & Sons, Interscience, 1964. 


“Bituminous Materials” is to be in 
three volumes with “Asphalts, Tars, and 
Pitches,” covering fundamental compo- 
sition, nature and properties. Volume 2, 
“Asphalts,” now in press, and Volume 3, 
“Manufactured Tars and Pitches,” in 
preparation, will cover all phases of 
these topics, including manufacture, 
marketing, properties and usage, accord- 
ing to the publisher. 

The volumes are compilations of 
monographs by specialists, short biogra- 
phies of whom are included. Each mono- 
graph is preceded by an outline and 
finishes with a bibliography. 

W. E. Hanson provides an analysis 
and discussion of the confused terminol- 
ogy which has become associated with 
bituminous materials. 

The review of the physical chemistry 
of bituminous materials by C. Mack is 
the longest chapter. An appreciable part 
of it is devoted to a mathematical, theo- 
retical discussion of the thermodynamic 
properties of bituminous materials as a 
function of their molecular structures. 
The section closes with an extensive and 
valuable discussion of the adhesiveness 
of bituminous materials as related to 
their surface properties. 


250A 


The discussion on compatibilities of 
bituminous materials by G. L. Oliensis 
deals with saturated and coated roofing 
materials. Little attention is given to 
incompatibilities on mixing one bitumen 
with another. 

The chapter by R. N. Traxler on rhe- 
ology is concerned primarily with as- 
phalt paving materials. Rheological 
modifiers other than elastomers are 
covered only by a discussion of mineral 
fillers in asphalt paving mixtures. 

G. Abson and C. Burton present a 
classified compilation of descriptions of 
American methods of test for bituminous 
materials limited to the fields of highway 
and building construction. 

The effects of atomic radiation on 
bituminous materials, largely the work 
of the AEC, are summarized by C. D. 
Watson and W. W. Parkinson. 

R. W. Traxler presents an informative 
introduction to the action of micro- 
organisms on bituminous materials with 
attention to the methods of investigation 
which have been developed. 

The last two chapters on inorganic 
fillers and elastomers as modifiers of 
bituminous materials are written from 
the standpoint of practical application 
to the roofing and road construction 
industries. 

This work will inevitably be compared 
with Abraham’s ‘‘Asphalts and Allied 
Substances.” It differs in scope and 
treatment from the corresponding sec- 
tions, does not have the homogeneity 
of Abraham, and does not carry the 
wealth of literature and patent refer- 
ences. Final evaluation of Hoiberg must 
await the availability of all three 
volumes.—Gilbert Thiessen 


Isotopes in Biology by G. Wour; 173 
pages; $2.45 paper; Academic Press, 
1964. 


George Wolf has written an excellent, 
albeit elementary, book on the uses of 
radioisotopes in biology and chemistry. 
Most appropriately, he deals with the . 
uses of labeled compounds in biochemi- 
cal investigations on both a classical and 
contemporary level. This book will be 
easily understood by the scientifically 
oriented college undergraduate, as well 


as by the more advanced science gradu- 
ate student. However, the text is clearly 
and succinctly written, so as to be com- 
prehended by a sophisticated high 
school student; and one might well find a 
useful employment of this paper-back 
among the various high school honor 
programs. 

Obviously, the author, having both a 
facility for pedagogy and a personal 
experience in isotope biochemistry, has 
aptly set out to print many of his lec- 
ture notes in this area. In being so 
directed, this book deals lightly but 
understandingly with the physics and 
chemistry of isotopes, which includes the 
necessary basic "vocabulary" as well as 
the units and parameters for isotope 
work. The most significant portion of 
this book is in Dr. Wolf's treatment of 
methodology, and principles of isotopic 
investigations in biology. It is here, as 
well as in the applications of isotope 
techniques in research, that his book 
excels. The author selects many valu- 
able and significant uses of isotopes in 
biochemical research, and includes 
recent bibliographical references to 
many exciting experiments which have 
used radiochemicals. 

The book would be a worthwhile addi- 
tion for any graduate level course in 
molecular biology, as well as a book to 
introduce some young scientific novice 
into the applications and principles of 
isotopes in biology and biochemistry. 
Unlike most books of this type, it is not 
a classically theoretical discussion of 
radiation chemistry, nor is it con- 
cerned with details of instrumentation 
and sample preparation. While research- 
oriented, this book does not deal with 
any significant amount of the volumi- 
nous material available on radiation 
effects in living tissue. Aside from these, 
the book definitely has its usefulness, to 
be strongly recommended for the initia- 
tion of students into the wonderful 
world of isotopic research. 'T'he price also 
makes this attractive.— Richard Ascione 


Principles of Radiation Protection by G. 
Eaves; 185 pages; $8.25; Gordon & 
Breach, 1964. 


This straightforward British text, 
while primarily intended for the use of 
reactor physicists having no extensive. 
biological background, might well poet? 
to be of use to the biologist or chemist 
working with high levels of radio- 
isotopes. The author omits an extensive 
physical and mathematical discussion of 
nuclear isotopes and for this reason 
makes the theoretical principles behind 
radiation protection extremely under- 
standable for the chemist and biological 
investigator. It is to the nuclear physi- 
cist, though, that the first chapters are 
directed in the simplified and elementary 
discussions of the biology of cells and 
tissue radiation damage, as well as the 
specific hazards of working around 
nuclear reactors. This portion might not 
be of immediate and obvious use to the 
biological and chemical research worker; 
however, the book is useful as a hand- 
book or guide to understanding and 
applying the principles of radiation pro- 
tection which would be of specific use for 
those among us who deal with significant 
amounts of y and strong £ isotopes. One 
would certainly consider this text to 
acquaint isotope research personnel as 
well as those involved in health physics 
investigation work. While the cost of 
this book and its limited applicability 
might rule out large numbers of indi- 
vidual purchasers, this book should be 
found among libraries of institutions 
where isotopic investigations are being 
conducted. Needless to say, one would 
also recommend this primarily as a 
supplementary text for the nuclear 
reactor technologist.—Richard Ascione 


A Handbook of Practical Amateur Astron- 
omy, edited by P. Moonz; 254 pages; 
$5.95; W. W. Norton & Co., 1964. 


Mr. Moore has edited contributions 
from very experienced amateur astron- 
omers in the British Astronomical Asso- 
ciation. Many people spend years in 
perfecting a useable small telescope, 
then wonder what to do with it. This 
book reviews the possible applications 
which lie within the scope of such ama- 
teur equipment, written by those who 
know. It is only a beginning survey of 
such activity, however, by which a new- 


251A 


comer to the field may find something 
stimulating. He will then find it neces- 
sary to read other books on his special 

ic of interest (if they exist), or to 
consult the literature in a good li- 
brary.—K. L. Franklin 


Astronomy & Space Research by G. A 
Cuisnaty & G. FIELDER; 230 pages; 
$5.95; W. W. Norton & Co., 1964. 


This is a very quick review of just 
about everything one should know to be 
well-versed in the fields mentioned in the 
title. The dust jacket states that “Some 
knowledge of physics and mathematics 
is assumed, but no more than that pos- 
sessed by the average intelligent 
reader." This amount seems to be a 
little facility with integral calculus and 
an awareness of differential equations. 
The introduction of mathematics, where 
useful, allows the authors to present 
their subjects a little more deeply than 
one might think in a small book of such 
scope. No one, however, will become 
even an amateur space scientist from 
this book (it is one of a series called 
“The Amateur Astronomer’s Library"), 
but he will surely know what to study.— 
K. L. Franklin 


Introduction to Infrared & Raman 
Spectroscopy by N. B. Corrnvur, et 
al; 511 pages; $12.00; Academic 

. Press, 1964. 


In their preface to this book, the 

. authors state that it "has been written 
for the student or the organic or analyti- 
cal chemist who does not feel qualified to 
call himself a spectroscopist." However, 
the development of the theoretical back- 
ground is somewhat sketehy and phe- 
nomenological, so that the book does not 
properly serve as an introductory text. 
The correct results are given, and other 
sources where they are derived in greater 
detail are cited. Although the chapter in 
experimental techniques js necessarily 
ineomplete (for indeed there are many 
books entirely devoted to technology), it 
provides an excellent background for the 
novice, and contains a very good list of 
references. An extremely useful table, 
showing the symmetry classification and 
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literature source for almost every 
molecule analyzed through 1960, is 
found in Chapter 3, providing a most 
welcome supplement to Herzberg's 1945 
tabulation. 

The greatest portion of the volume is 
devoted to spectra-structure correlation; 
and here the authors have done an out- 
standing job. The vibrational analysis is 
broken down not only into functional 
group frequencies, but, further, into the 
partieular type of molecule being con- 
sidered, neighboring atoms, electrostatic 
effects, etc. The tables are clear; the 
examples illustrate the more subtle 
details nicely; the references are excel- 
lent. In Chapter 13 the roles are reversed 
and correlation is made according to 
spectral region, including the near in- 
frared overtone region and the lower 
frequency cesium bromide region (700- 
250 cm). 

In sum, although the book can not be 
used as an introduction to spectroscopy 
without complementary material, as an 
analytical tool for the chemist primarily 
interested in characterization or correla- 
tion it is unsurpassed.—George E. Leroi 


Biostatistics: An Introductory Text by A. 
GOLDSTEIN; 272 pages; $9.50; The 
Maemillan Co., 1964. 


This textbook is written from the 
point of view of applieation. The author, 
a professor of pharmacology, has had 
extensive experience in teaching bio- 
statistics to students of medicine and 
biological sciences. 

The book is divided into four chap- 
ters. The first entitled “The Logical 
Basis of Statistical Inference” provides a 
general idea of what the subject is 
about. It includes some discussion about 
experimental design, statistical hy- 
pothesis, and decision rules. 

In the second chapter, entitled 
“Quantitative Data" the author first 
diseusses the normal population, the 
mean, the variance, and how to estimate 
the mean by a confidence interval. He 
then proceeds to problems involving two 
samples, and then to problems involving 
more than two samples. Analysis of vari- 
ance, including one-way classification, 
randomized block, factorial, and nested 


designs, is presented. Some simple non- 
parametric techniques are also briefly 
treated. 

The third chapter entitled “Enumera- 
tion Data" discusses binomial probabili- 
ties, the chi-square test for contingency 
tables, and the Poisson distribution. 

The fourth chapter is entitled "Linear 
Regression.” It includes not only estima- 

' tion of correlation and regression line 
but also some applieations to biological 
assay. The dose-response relation, nor- 
mal equivalent deviates, probits, and 
parallel line assays are among the topies 
discussed. 

In each of the four chapters there is an 
abundance of examples interwoven 
throughout the presentation to illustrate 
the concepts introduced and discussed. 
At the end of each chapter are about 
twelve problems the solutions to which 
are sketched at the end of the book. A 
shorteoming, from the point of view of 
elass room use, is that there are no 
problems without solutions. 

As an introductory text, this book gets 
into the depths of the subject more 
quickly than the ordinary elementary 
textbook. This remark is not intended as 
criticism, however, because graduate 
students and medical students are more 
mature and more highly motivated than 
undergraduates. As a book for under- 
graduates it may prove more difficult, 
but one really never knows how success- 
ful or not a book is for classroom use 
until it has been tried.—John Gurland 


Electronic Analog & Hybrid Computers 
by G. A. Korn & T. M. Korn; 
584 pages; $17.50; MeGraw-Hill Book 
Company, 1964. 


Those familiar with the other writings 
of this husband-and-wife team will 
expeet of this book just what it is: & 
comprehensive and authoritative treat- 
ment. The work was evidently inspired 
by the modern developments in high- 
speed iterative computers and hybrid 
computers, which oecupy 2 considerable 
portion of the book. 

There is à wealth of practical detail, 
especially on the circuitry and design of 
components, unlike the majority of 
computer books which are concerned 


mostly with characteristics from the 
user’s rather than from the designer’s 
viewpoint. That is not to say that this 
book is of little value to the somp 
user; he will just find more detail on 
components than is often of concern to 
him. As well as presenting techniques for 
more sophisticated users, the book 
includes an adequate portion on basic 
techniques. Amplitude scaling is done in 
terms of volts because this is most 
common, but the authors note that 
scaling in terms of machine units (as 
preferred by this reviewer) has decided 
advantages. 

A large section of the book is devoted 
to computer elements, ranging from 
capacitor dielectrics to a great variety of 
amplifier circuits. Other devices such as 
multipliers and function generators are 
of course considered, again in considera- 
ble detail. As would be expected from 
the book’s title, no mention is made of 
mechanical or fluid computing elements, 
except in connection with computer 
servomechanisms. Of most interest to 
many readers will be the material on 
hybrid computation, and on system 
optimization using fast iterative com- 
putation, containing much information 
that this reviewer has not previously 
seen in print, and which certainly has 
not appeared in other books. 

Well illustrated, amply indexed, and 
with a large bibliography, the book is 
warmly recommended to anyone con- 
cerned with analog compwtation.— 
Peter L. Balise 


Dislocations by J. FRIEDEL; 491 pages; 
$17.00; Addison-Wesley Publishing 
Co., 1964. 


Although dislocations in crystals were 
described in the 1930's by Taylor, 
Orowan, and Burgers, and the theory of 
dislocation contributions to plastic prop- 
erties underwent considerable develop- 
ment in the next decade, it was not until 
Frank observed growth spirals on crys- 
tal surfaces in the late 1940’s that the 
theoretical and experimental study of 
dislocations became the most fashion- 
able subject in metal physics and physi- 
cal metallurgy. It is strange that this 
field should produce so few outstanding 
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monographs in English suitable for use 
as a textbook. There have been frequent 
reyiew articles, as one expects of so 

Native a subject. Perhaps the excellent 
monographs published by Read and by 
Cottrell in 1953 simply discouraged com- 
petition. Whatever the reason, this ele- 
gant book by Professor Friedel fills the 
need for a reasonably up-to-date text for 
graduate courses. 

The original French edition of 1956, 
translated by L. F. Vassamillet, has 
been revised by the author. Notably it 
takes cognizance of many of the fasci- 
nating observations by transmission 
electron microscopy that have been 
made in recent years as a result of 
greatly improved instruments and tech- 
niques. The increased understanding of 
the interactions of dislocations with 
point defects, with other dislocations, 
and with the underlying crystal struc- 
tures are reflected here. Impurity 
hardening, work hardening, and network 
theory are discussed at length. 

In so intensely active a field no author 
can anticipate the many new advances 
that will be made even during the time 
required for the publishing process. 
However, this book should wear well as 
a textbook if judiciously supplemented 
by reports on current events. The dis- 
cussion is notable throughout for the 
frequent mention of the physical magni- 
tudes of the quantities employed in the 
theory or indicated by experiment. The 
illustrations are excellent, including 30 
plates (unpaged) showing photo—and 
electron transmission micrographs. Al- 
most everyone interested in the mecha- 
nisms of deformation of erystals will 
want to have this book near at hand.— 
C. E. Birchenall 


Progress in Solid-State Chemistry, Vol. 1, 
edited by H. Ress; 536 pages; 
$17.50; The Macmillan Company, 
Pergamon, 1964. i 


The inauguration of a new hard-back 
review journal calls for some comment 
about its general contents in relation to 
similar series. The articles in this volume 
should each be compatible with the sub- 
ject matter in one of three existing 
series: Progress in Materials Science, 
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Solid-State Physics, or Progress in 
Inorganic Chemistry. Indeed, similar 
articles can be found in those journals. 
Nevertheless, the rate of investigation of 
the topics covered may justify expansion 
of the review publications at this time. 

One disadvantage of this kind of col- 
lection is the wide diversity of subjects. 
The Thermal Expansion of Ceramic 
Crystals (by H. P. Kirchner), Lattice 
Energies and Related Topics (by M. F. 
C. Ladd and W. H. Lee), Phases with 
the Nickel Arsenide and Closely-Related 
Structures (by A. Kjekshus and W. B 
Pearson), Lattice Imperfections and the 
Thermal Conductivity of Solids (by D. 
Greig), The Relationship of Photo- 
luminescence and Electroluminescence 
to Structure (by D. W. G. Ballentyne), 
Ferrielectricity in Crystals (C. F. 
Pulvari), Alloy Semiconductors (by J. C. 
Wooley), Physico-chemical Aspects of 
Organic Semiconductors (by H. A. 
Pohl), X-ray Diffraction Studies of 
Crystal Perfection (by L. V. Azaroff), 
Applications of Nuclear Quadrupole 
Resonance (by G. A. Jeffrey and T. 
Sakurai), Use of Infrared and Raman 
Spectroscopy in the Study of Organo- 
metallic Compounds (by D. K. Huggins 
and H. D. Kaesz). It is most unlikely 
that a single reader will have enough 
interest and background in every topic 
to appreciate all the work that has gone 
into these condensed accounts. How- 
ever, I enjoyed particularly the extended 
article on the properties of delightful 
phases with the nickel arsenide structure 
and the relatively brief article on X-ray 
methods for the study of crystal perfec- 
tion. I hope that future volumes in the 
series will maintain the good proportion 
of experimental observations among the 
theoretical considerations that this col- 
lection displays. There are also many 
tables which should be useful. 

The volume is attractively printed but 
not securely bound. Typographical 
errors are present but not in greater 
concentration than normal for such 
ventures.—C. E. Birchenall 


Stochastic Models in Medicine & Biology, 
edited by J. GURLAND; 393 pages; 
$6.00; The University of Wisconsin 
Press, 1964. 


The chief, if not only, way that we 
understand the natural world is by the 
construction of models and it is certain 
that the single, most powerful influence 
on the nature of scientific theories for the 
last three hundred years has been 
Descartes’ machine model. Particularly 
in biology, the béte machine has been the 
guiding metaphor of research and 
theory. It is somewhat ironic that, at the 
time of Descartes’ death, the foundation 
of an alternative world view was being 
laid in the “De alea geometriae” by 
Pascal. That alternative, in which 
chance events are of equal importance 
with deterministic mechanical forces, 
has slowly come to pervade scientific 
theory, beginning with the probabilistic 
reinterpretation of thermodynamics and 
entering the field of biology more than 
forty years ago. More and more biolo- 
gists are turning from models in which 
outcomes are exactly predictable from 
initial conditions, and are including in 
their models a stochastic element that 
introduces uncertainty as to the state of 
a system, even when the initial condi- 
tions are completely specified. 

The Symposium on “Stochastic Mod- 
els in Medicine and Biology" is a wide- 
ranging sample of the kinds of biological 
problems that have been formulated in 
stochastic terms. Quite appropriately, it 
includes an historical contribution on 
the early use of stochastic models in 
epidemiology and carries this subject up 
to the present time with a very general 
treatment of epidemics by Neyman and 
Scott. The second major field in which 
stochastic models have been of great 
importance in biology is that of popula- 
tion genetics and evolution, and, appro- 
priately enough, an excellent review of 
this field is presented by Sewall Wright. 
In addition, the two directions in which 
stochastic theory of evolutionary proc- 
esses is proceeding are represented. On 
the one hand, there is currently an at- 
tempt to derive with utmost rigor some 
of the results previously attained by 
Wright and others. Because of the de- 
mand for such rigor, only the simplest 
models can be attacked, and a review of 
the work is presented by Karlin and 
MacGregor. On the other hand, the 
treatment of really complex population 


phenomena may defy even approximate 
mathematical treatment so that com- 
puter simulation is the only way to d 
answers. An example of this numeric 
approach is presented by Schull and 
Levin. 

What is most interesting about this 
Symposium is that the cirele has been 
completed, and that stochastie models 
are at last being applied to physiological 
problems—problems for which Car- 
tesian mechanism was first invoked. The 
symposium contains papers on carcino- 
genesis by Arley, arteriosclerosis by 
Opatowski, drug dosage by Cochran and 
Davis, general mortality by Chiang, 
enzymatic reaction by Bartholomay, 
and a general paper on oscillatory sys- 
tems by Norbert Weiner. 

The last paper in the Symposium is a 
very general view of stochastic and 
deterministic models by Henry Lucas, in 
which the basic assumptions and prob- 
lem of stochastic models are very well 
brought out. 

There is a certain unity about this 
Symposium that is lacking in so many 
such collections. It provides an excellent 
view of what has been accomplished in 
the past by the use of stochastic models, 
what some of the problems are, and, in 
particular, what a variety of problems 
can be and ought to be framed in proba- 
bilistic rather than ballistic terms. —R. 
C. Lewontin 


Mammalian Protein Metabolism, edited 
by H. Munro & J. B. Anson Vol. 1; 
566 pages; $18.50; Vol. II; 642 pages; 
$21.; Academic Press, 1964. 


It is difficult to think of two men more 
suitable to prepare a compendium on 
mammalian protein metabolism than 
Prof. Munro of the University of Glas- 
gow, Scotland, and Dr. Allison of the 
Bureau of Biological Research, Rutgers. 
The result of their editorial collaboration 
is a notable achievement. 

The concept of the role of protein in 
nutrition has undergone a revolution in 
the last two decades. As the authors 
state in their preface, an international 
meeting on nutritional deficiency, held 
shortly after World War II, did not 
include protein on its agenda but, by 
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1960, the Director of the Nutrition 
Division of the Food and Agriculture 
Division of the U.N. stated that “... 

tein malnutrition is without doubt 
the most compelling nutritional problem 
in the underdeveloped countries today." 

After a fascinating introduction, tak- 
ing the reader from the discovery of 
nitrogen to the modern concept of the 
structure and metabolism of protein, the 
editors conclude that protein study 
demonstrates decisively “that single- 
minded devotion to a subject is more 
profitable than dilettante exploration 
over a wide field in the hope of some 
chance discovery of importance.” The 
present-day body of knowledge of pro- 
tein chemistry is the result of dogged 
persistence by many, in a complex field 
where each bit is painstakingly teased 
out and fitted into the overall jigsaw. 

Drs. Allison and Munro cover the sub- 
ject in three broad divisions, namely, the 
biochemical, the nutritional, and the 
pathological aspects of protein metab- 
olism. This is a logical presentation and 
makes for easy reference as well as for 
continuity in straight reading. In addi- 
tion to their own considerable contribu- 
tion, the editors have included chapters 
by 27 of the world’s leaders in the study 
of protein metabolism. Each chapter is 
amply documented with references as 
up-to-date as can reasonably be ex- 
pected for a work of this type. 

For the biochemical aspects there are 
Gitler, Krebs, Korner, Neuberger, Bird; 
for the nutritional, Harper, Hegsted, 
McCance, Widdowson; and for the 
pathological, Arroyave, Holt, Scrim- 
shaw naming only a few to emphasize 
the caliber of the contributors. The 
whole is blended by skillful editorial 
work into a smooth, easy-reading 
treatise. 

Typographically the book is excellent. 
It is printed on good stock in easy-to- 
read type and the tables, line drawings 
and photographs are clear and well 
reproduced. 

In such a dynamic field, there can be 
no final and complete work. These two 
volumes, however, come as close as pos- 
sible. It will be a long time before they 
are superseded. Let them stand as a 
fitting memorial for Jim Allison whose 


256A 


passing has left a void which cannot be 
filled.—David B. Sabine 


Behaviorism & Phenomenology: Con- 
irasting Bases for Modern Psychology, 
edited by T. W. Wann; 190 pages; 
$5.00; The University of Chicago 
Press, 1964. 


Contemporary psychology has moved 
and is moving rapidly away from its one- 
time emphasis on “systems.” Neverthe- 
less, some concern with ideological issues 
is still with us. The present symposium 
deals with two of the most active of the 
classical systems. 

This small volume contains much that 
is old—already published in one form or 
another-but also a significant amount of 
new material. As the editor remarks, the 
original intention was markedly altered 
in the execution of the project. The 
direction of this change is neatly sum- 
marized by his whimsical suggestion in 
the preface of a new subtitle, “Comple- 
mentary Bases for Modern Psychology, 
with One or Two Dissents.”’ 

Perhaps the most interesting facet of 
this rapprochement is the relationship 
between Skinnerian behaviorism and 
Rogerian ego psychology. The philoso- 
pher Malcolm, contributing a brief but 
incisive critique of behaviorism, con- 
fesses that Rogers’ position, as expressed 
in the book, is puzzling to him. This is 
mainly because Rogers holds, on the one 
hand, that Skinnerian behaviorism can- 
not deal with the central problems'of ego 
psyehology, but on the other hand 
agrees that this world can be opened to 
Scientific observation by means of 
external, behavioral indieants (pre- 
sumed correlates of inner experiences). 
It is therefore difficult to see why he, 
nonetheless, continues to deny the 
feasibility of their functional analysis. 

'The remaining seetions may be briefly 
characterized. Koch's turgid, essentially 
negative treatment of behaviorism of- 
fers little new or refreshing, and one may 
hope that some day this author will 
Share with his readers more detailed 
documentation of his persistent lauding 
of revolutionary developments in the 
methodology of physical science, said to 
have great implications for psychology. 


(Presumably he refers to somewhat the 
same phenomena which Skinner refers to 
as a ‘‘muddle.”) MacLeod presents a 
provocative and quite readable treat- 
ment of phenomenology, and Scriven’s 
chapter is a wide-ranging essay on 
philosophical-logical issues. 

Finally, credit is due the editor for his 
paraphrasing some interesting post- 
lecture interactions of speaker and 
audience (even if the exact question was 
not always caught). More of this sort of 
thing should be done by editors of such 
symposia, if they are to serve most fully 
in published form, even if some trivia are 
necessarily included. Melvin H. Marx 


Primary Embryonic Induction by L. 
SaxEN & S. TorvoNEN; 271 pages; 
Logos Press Ltd. in association with 
Erskx Books Ltd., 14 Great James 
Street, London W.C. 1; published in 
the United States by Prentice-Hall, 
1962. 


Embryolegical research is, at the 
moment, fragmented. À gap is present 
between those modernists who owe 
much to molecular genetics and quanti- 
tative biochemistry and those somewhat 
more traditionally inclined. This book 
attempts tc bridge the gap and, in a 
major sense, succeeds. The subject mat- 
ter of the function of Spemann’s primary 
organizer is treated selectively, albeit in 
depth, in terms of modern embryology. 

Selectivity is, of course, required of the 
authors of a monograph of the size of 
this volume. To be sure, every embryolo- 
gist interested in the advance of his field 
will find some fault with the topics 
selected. Also, he will not view a straight 
path from Spemann to the present in the 
same context as do the authors. To the 
reviewer’s mind, their path is to their 
great credit, not because it is the only 
one, but because they have brought in- 
tensive thought to the problem and have 
winnowed the vast mass of material on 
embryonic induction in an attempt to 
analyze what is cogent today, for the 
progress of present day analysis, from 
collateral material important in itself 
but not necessarily cogent. In this sense 
then, the text is modern. Selectivity is its 
key. I would not want the serious young 


embryologist to spare himself Spemann's 
original text nor such invaluable com- 
pendia as Needham’s Biochemistry Pd 
Morphygenesis. The present book isn 
part an extract and in part an analysis in 
the face of more modern data, of what 
appears to the authors as essential. 

One of the primary benefits of the text 
is its treatment of embryonic induction 
as a phenomenological event in embryo- 
genesis, not as due to a unitary agent or 
master molecule. Much recent research 
is focusing anew on the molecular events 
of late blastulation and gastrulation, 
deriving much benefit from more precise 
methodology and analysis. To those in 
the field, the book is a reminder of bril- 
liant deductions from an earlier period, 
repeatable and sound, which must be 
considered as the new biology is applied 
to morphogenesis and differentiation. 

The text is well translated into col- 
loquial English. It is remarkably free 
from errors. The index is functional and 
efficient. References are clear.—Charles 
E. Wilde, Jr. 


Intersexuality in Vertebrates Including 
Man, edited by C. N. ARMSTRONG & 
A. J. MansHALL; 479 pages; $14.; 
Academic Press, London, 1964. 


This book provides a valuable service 
in making available, in English, a com- 
pilation of the studies on intersexuality 
in all the classes of vertebrates. 

'The authors, who are noted tvorkers in 
a particular field or with a class of the 
vertebrates, discuss the following topic 
in detail: The role of the chromosomes in 
determining sex. For most classes, the 
embryology and morphologieal develop- 
ment of the reproductive tract is re- 
viewed. This provides a proper perspec- 
tive for interpreting both the "natural" 
and experimental attempts to induce 
intersexuality. A final section is included 
on intersexuality in man. 

Two important contributions of this 
book are the detailed diseussion of 
specific experiments which have been 
undertaken in the various classes of 
vertebrates, as these provide an im- 
portant background for further work on 
the basis of sexuality. Also, the final 
chapter will be of interest to many. This 
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presents a lucid account of the psy- 
chology and psychological problems that 
have been encountered in humans which 

ight be classified as intersexes. 

Something of interest will be found for 
the experimenter working on the 
determination of sex and for both the 
clinician and research worker who have 
an interest in the relationships between 
the” psychological and morphological 
characteristics and their role in the 
determination of gender.—Robert D. 
Lisk 


Paper Chromatography, A Comprehensive 
Treatise, Vol. I, 955 pages; $26.50; 
Vol. II. Bibliography of Paper Chro- 
matography 1944—1956, 766 pages; 
$24., edited by I. M. Hars & K. 
Macek; Vol. III. Bibliography of 
Paper Chromatography 1957—1960, ed- 
ited by K. Macer, I. M. Hats et al.; 
706 pages; $24.; Academic Press, 1964 
(Publishing House of Czechoslovak 
Academy of Sciences, 1962). 


The editors were indeed justified in 
calling this “a comprehensive treatise” 
on paper chromatography, and as such, 
their books will serve as important refer- 
ence volumes in most scientific libraries. 
Although earlier books have been con- 
cerned at least in part with paper chro- 
matography, a comprehensive review of 
this nature had been lacking. 

Important developments in other 
chromatographic techniques, especially 
thin layer and gas-liquid chromatogra- 
phy, are currently causing these latter 
techniques rapidly to assume much of 
the important role that paper chroma- 
tography has played in research. An 
extensive review of paper chromatog- 
raphy, which can certainly be considered 
a technique already highly developed in 
practical application if not in its theo- 
retical aspects, therefore seems appro- 
priately timed. It can be anticipated 
that these books will stand for a long 
time as the authoritative treatise on 
paper chromatography. 

The authors generally did an out- 
standing job of describing and assessing 
the place of importance of the hundreds 
of detailed variations in technique which 
have been reported in the use of paper 
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chromatography, e.g., in different man- 
ners of sample application, develop- 
ment, detection and preparative separa- 
tion methods (General Section, 208 pp.). 
A Special Section (532 pp.) treats, in 
turn, different classes of compounds in a 
detailed manner which is extremely use- 
ful in that quick reference to a pertinent 
chapter can answer many of the needs of . 
the researcher either long experienced in 
the use of paper chromatography or new 
in the field. A section of Practical Notes 
describing the preparation of detection 
reagents, solvent systems, samples and 
papers is ultimately compiled for greater 
convenience to the researcher. 

The combined bibliographies contain 
18,582 references (prior to 1961) con- 
veniently arranged according to subject 
matter. The translation to English seems 
to have been accomplished very ade- 
quately and the text reads smoothly. — 
J. J. Willard 


Stoichiometry & Structure, Part I by M. 
J. SizNKo; 365 pages; $2.95 paper; W. 
A. Benjamin, Inc., 1964. “Freshman 
Chemistry Problems & How to Solve 
Them.” 


In this first, of a two-volume set, the 
author has written a problem book fully 
equal to the one or two that now domi- 
nate the field. 

While a few may feel that much of the 
material covered is too elementary, Dr. 
Sienko exhibits his intimate knowledge 
of the actual weakness of incoming col- 
lege freshmen by devoting the first 140 
of a total of 695 problems to the review 
of fundamental mathematical opera- 
tions. This is followed by a lucid expla- 
nation of the use of the slide rule. There- 
after, the book closely follows the order 
found in the usual first year college 
chemistry text: stoichiometry, gases, 
liquids, solids, thermochemistry, electro- 
chemistry and solutions. The various 
aspects of equilibrium are reserved for 
Volume II. This organization both en- 
hances its use as a self-study aid, and 
facilitates teaching from it. 

With consistent clarity and interest, 
each subject is covered, first by descrip- 
tive material, then by problems having 
the method of solution illustrated, fol- 


lowed by increasingly difficult problems 
to which only the answers are given. 
The number of problems in each section 
ranges from 24 and 30 for formulae and 
liquids, to 68 for electro-chemistry and 
140 on mathematical review. There has 
been an obvious attempt to balance the 
space allotted each concept with its 
importance to the student and its dif- 
ficulty to master. 

The slide rule section is especially 
welcome in a book of this type, and there 
will be little dissent concerning the value 
of the enlarged mathematics review 
section. However, the advisability of 
devoting so much space to trigonometry 
and space geometry will be ques- 
tioned.— Charles Howard 


The Crisis in Medical Education by L. J. 
Evans; 101 pages; $4.00; The Univer- 
sity of Michigan Press, 1964. 


While recent newspaper headlines 
about medicine have gone either to 
political events or to the spectacular 
scientific and technical advances of its 
scientists and practitioners, many 
thoughtful observers have beenstudying 
the relationships between the medical 
profession and the society in which it 
functions. Their attention has focussed 
not only on the individual physician and 
his individual patient but on the whole 
profession and society in part or as a 
whole, and on the nature of medical edu- 
cation itself. From the stimulus of these 
studies has come this little eloquent plea 
for an intensified identification of medi- 
eal education with the university and 
for an increased use of the new tools and 
knowledge of the social sciences in medi- 
cine. 

Insofar as Evans really is writing 
about a “crisis,” he describes it in the 
following sentence: “Generally speaking, 
the problems are (1) to rediscover the 
student... as the reason for medical and 
health profession education, and (2) to 
rediscover the patient ...as the reason 
for medicine and without whom the 
student cannot learn (sic)." (p. 23) That 
is about as angry or agitated as he be- 
comes about “the crisis" anywhere in 
the book, and at no point does he set off 
on a major polemic against current 
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trends in medical education; his words 
form thoughtful and considered evalua- 
tions of the general scene. ] 

What can be accomplished on such as 
vast subject within the span of one 
hundred pages is of course limited, but 
one wishes that Evans had taken a few 
pages to discuss the genuine, if rudimen- 
tary, steps which some medical schools 
have taken to meet the very problems 
raised in Evans' first chapter. For ex- 
ample, a very practical description of 
some of the accomplishments and some 
of the difficulties in applying the social 
sciences to medicine and medical educa- 
tion occurs in Stanley H. King’s Percep- 
tions of Illness and Medical Practice 
(Russell Sage Foundation, 1962). Evans 
is justified in taking a more purely 
philosophical approach, but some cross- 
references would have been helpful. 
Willard Dalrymple 


Coordination Chemistry by F. Basoro 
& R. Jonnson; 180 pages; $3.95 
cloth; $1.95 paper; W. A. Benjamin, 
Inc., 1964. 


This book was “written to supple- 
ment the material now available on the 
subject to freshman chemistry students. 
The authors believe that the material 
presented will also be of value to stu- 
dents in the junior-senior level courses in 
inorganic chemistry.” The reviewer ex- 
pects that the latter case will be more 
general than the former. The, authors 
have produced a well-organized, well- 
written and readable book. Chapter I 
includes a historical development and 
the conventions for naming coordina- 
tion compounds. In Chapter II, theories 
of the coordinate bond are presented in 
a qualitative fashion, starting with the 
Lewis electron-pair bond, and carrying 
through to the ligand field and molec- 
ular orbital theories. Chapter III on 
steroeochemistry includes an interesting 
qualitative discussion on the Jabn- 
Teller effect, geometrical, optical, and 
other types of isomerism. Chapter IV on 
the preparation and reactions of co- 
ordination compounds reveals the au- 
thors' experience in this field and makes 
good reading for most any chemist, 
regardless of his background. The last 
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two chapters on complex ion stability 
and kinetics and mechanism of reactions 
are organized around trends based on 
lie charge density of the metal ion and 
the crystal field stabilization energy of 
the complex. This is well done, although 
the material on reaction mechanisms is 
pretty compact for the uninitiated. The 
manuscript is remarkably free of errors 
although the authors seem to be unable 
to make up their mind (p. 114-116) 
whether the ammine-aquo species of 
copper (II) should be represented as six 
coordinate or four coordinate. On a 
graph showing the percentage of Cu?* 
in the form of various ammine com- 
plexes, the formulae are given as Cu- 
(NH344(H;0),*, while, in the ac- 
companying equations and text, the 
species are written as coordination 
number four species. There are a large 
number of drawings to supplement the 
textual material. The printing job is 
neat and clean, although the type may 
be a little on the small side.—Edwin M. 
Larsen 


Introduction to Semiconductor Physics 
Vol I, by R. B. ADLER et al.; 247 
pages; $4.50 cloth; $2.65 paper; John 
Wiley & Sons, 1964. 


This book is the first volume of a 
seven-volume series by an education 
committee. 'T'he series is oriented toward 
transistor circuits. This first volume 
covers gome topics in semiconductor 
physics that are useful preliminaries to 
understanding junction transistors. The 
text reads smoothly, and the material 
covered is very well-planned. 

The first two chapters cover concepts 
such as the covalent bond, holes, effec- 
tive mass, donors, mobility, recombina- 
tion, injection, energy bands, etc. The 
discussion here is mainly qualitative, as 
it should be, and does not utilize de- 
tailed band calculations. Accompanying 
figures and tables give many quantita- 
tive data on Ge and Si. 

The last two chapters cover distribu- 
tions, carrier concentrations versus tem- 
perature and doping, diffusion, drift, 
pair motion, etc. The discussion here is 
more mathematical, and the important 
relationships stand out in good perspec- 
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tive. Solutions for pair motion consist- 
ent with all relevant equations are 
developed in illustrative examples. A 
final section outlines carefully worked- 
out laboratory experiments. 

The book provides physical back- 
ground for Ge and Si junction transis- 
tors—as opposed, say, to background 
for optical properties of semiconductors, 
for injection lasers, or for the chemical 
problems peculiar to more ionic semi- 
conducturs. The book is brief in the 
sense that every topic covered needs to 
be mastered by a person desiring to be 
expert in transistors. However, the book 
doesn’t actually include how a transistor 
works, and it contains some material 
which many beginners could usefully 
postpone until after understanding tran- 
sistor action. Such people should use 
the book in conjunction with Vol. II or 
its equivalent.—W. H. Fonger 


Bargaining Behavior by L. E. FouRAKER 
& S. SIEGEL; 309 pages; $8.95; Mc- 
Graw-Hill Book Co., 1963. 

Choice, Strategy & Utility by S. SIEGEL, 
et al.; 180 pages; $5.95; McGraw-Hill 
Book Co., 1964. 


It is of credit to the authors of these 
two volumes that they report clearly a 
number of well-executed laboratory 
experiments designed to verify several 
predictions based on formal mathe- 
matical models. 

The first book, Bargaining Behavior, 
like its predecessor, Bargaining Behavior 
and Group Decision Making (McGraw- 
Hill, 1960), by the same authors, rep- 
resents a skilled attempt at verifying 
experimentally the implications of sev- 
eral economic models. In Bargaining 
Behavior, Fouraker and Siegel report 
several experiments that examine the 
effects of amount of information, form 
of bidding, and position of equal split 
of profits, on bargaining in a bilateral 
monopoly (i.e., asituation in which there 
is only one buyer and one seller). The 
amount of information that bargainers 
received was either complete, each 
knew both his own and the others’ 
profits, or incomplete, each bargainer 
knew his own profits. Form of bidding 
was either single transaction, i.e., bid- 


ding ends after each player makes his 
choice, or repeated transactions, i.e., 
bidding process continues for 21 trials. 
The position at which profits for both 
bargainers was equal was either at the 
Bowely point or at the Paretian Optima. 
The Bowley point is the predicted out- 
come if bargainers play to maximize 
their own outcome, while the Paretian 
Optima is the predicted outcome if they 
play to maximize the joint outcome. 

These experiments, as well as others 
in which the authors used two different 
economic models to predict the outcome 
in two and three-man oligoplies (i.e., the 
control of the amount and price of a 
given product by a few sellers) demon- 
strate that individuals do not invariably 
tend to maximize either joint or indi- 
vidual profits but, rather, their bargain- 
ing behavior is affected by the context 
in which it occurs, 

Choice, Strategy and Utility reports a 
series of experiments designed to test 
the adequacy of a mathematical model 
which generates the following hypothe- 
sis: The tendency for individuals to 
select a strategy which will maximize 
the probability of a correct choice will 
increase (1) as the utility of the correct 
choice increases, and (2) as the utility 
of choice variability decreases. The 
authors assumed that the utility of a 
choice varies directly with the payoff 
for that choice. The utility of variability 
is based on the assumption that the 
individual values variability in his 
behavior. Thus, the more boring the 
task, thegreater the utility of variability. 
'Two experiments, each with a different 
age group, were concerned with ordinal 
predictions based on the utility of a 
correct choice assumption. The data 
indicated that subjects did tend to use a 
strategy of maximization as the utility 
of correct choice, ie., the payoff, in- 
creased. Similarly by inereasing the 
cognitive and kinesthetic richness of the 
situation, the authors were able to 
demonstrate an inereased tendency to 
use a strategy of maximization. 

In other experiments, the authors 
made specifie quantitative predictions 
regarding the subjects! patterns of 
choice among the alternatives. In this 
case, there was a high correlation be- 


tween the theoretical patterns of choice 
and the observed ones under two differ- 
ent experimental treatments: (1) where 
the marginal utility (ie. the rati 
between the utility of correct choice and 
the utility of variability) is held con- 
stant over the two alternatives; and (2) 
where the marginal utility is varied over 
the three available alternatives. 

In both these volumes, the autlfors 
neglect to review the available research. 
Thus, the reader is unable to place their 
research in any historieal context or 
grasp its significance in relation to other 
pertinent theory or research. Never- 
theless, both publications are excellent 
examples of the fruitfulness of integrat- 
ing mathematical and psychological 
approaches in the study of human 
behavior.—Harvey Hornstein 


Telemetry (Monographs on Rockets & 
Missiles) by R. E. Youne; 78 pages; 
$3.95; Gordon & Breach, 1964. 


With the spectacular growth and in- 
creased complexity of engineering tech- 
nics used in many experiments, a need 
for terse descriptions of specialized engi- 
neering has been created. Scientists who 
must use advanced engineering as part 
of their experiment but who do not have 
the time to become familiar with all the 
intricacies of the design will find it 
valuable, and in some cases necessary, 
to understand the essential practices 
and design problems associated with 
particular engineering specialties. This 
is certainly, true in the area of space 
research. 

The function of telemetry is to pro- 
vide information to the experimenter 
who is on the ground of the physical 
conditions inside ‘the space vehicle and 
also to transmit externally received data 
obtained during flight. The author of 
this short monograph has given a brief 
discussion of the basic methods involved 
in telemetry as well as a description of 
the components currently employed in 
the telemetry radio link and data han- 
dling systems. The author relates his 
discussion more specifically to missile 
telemetry although the basic systems 
are similar in satellite experiments. The 
book will be useful to the reader who 
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wishes to get an introduction to the 
components that make up a telemetry 
system. This reviewer feels that the 

ok would be more useful if the author 
gave greater depth to his diseussion of 
components peculiar to telemetry and 
fewer pages to discussing such elemen- 
tary concepts as the noise figure of a 
receiver and the properties of trans- 
mission lines.—W. K. Rose 


Aspects of Theoretical Mineralogy in the 
U.S.S.R., A Collection of Papers, 
edited by M. H. Barrsy & S. I. 
Tomxererr; 507 pages, $30.00; The 
Macmillan Company, Pergamon 
Press, 1964. Vol. 18, International 
Series of Monographs in Earth Sci- 
ences, D. E. Ingerson, Editor. 


This volume contains translations of 
35 articles published between 1943 and 
1959 by one Bulgarian and 11 Russian 
mineralogists. The articles are concerned 
with problems such as the definition of a 
mineral (6 articles, 67 pages), bases for 
and schemes of mineral classification 
(16 articles, 269 pages), and the cor- 
relation of physical properties with the 
erystal chemistry of minerals (13 ar- 
ticles, 148 pages). Even at the time they 
were written the articles contained little 
new data; the purpose was to extract 
generalizations, principles, and inter- 
relationships from the voluminous data 
pertinent to mineralogy, both Soviet 
and western. The editors have at- 
tempted sto update the articles by in- 
corporating changes suggested by the 
original authors, and several inconsis- 
teneies between articles have been 
arbitrated, but the result lacks any 
Spirit of controversy or revelation of 
dynamic development it might have had 
6 to 10 years ago when the majority of 
the more recent articles were written. A 
modern mineralogist has the advantage 
that the test of time has been applied to 
many of the suggestions made in the 
text, and a great many have been found 
wanting. As a consequence, the book 
will be of most value to the authors of 
mineralogical reference works and texts, 
to historians of science, and to some 
crystal chemists and crystallographers 
as a source book. Few practicing miner- 
alogists or geochemists will find it a 
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worthwhile investment, as it is neither 
current nor a reference work. 

The selection of articles for such a 
volume is necessarily arbitrary, but 
clearly A. S. Povarennykh is overex- 
posed (15 articles out of 35); the five 
most represented authors and their col- 
laborators wrote 83 per cent of the ar- 
ticles. The presentation is therefore 
probably not a completely balanced 
view of Russian thought and practice. 

'The translations and technical editing 
are of superior quality, and the com- 
position and printing are excellent 
throughout. The author index is per- 
functory and suffers from the usual poor 
quality of Russian literature citations; 
greater attention by the editors would 
have been helpful. The subject index is 
so lacking as to constitute a serious 
fault: it is a single page with about 60 
line items “restricted to the main refer- 
ences to the principal subjects dis- 
cussed in this volume” (p. 505), for 
example, ‘‘Minerals, classification of 
3-8, 79-218"! Surely the casual reader 
needs more guidance through the topics 
covered in 35 almost unrelated articles, 
and one advantage this out-dated col- 
lection might have had was quick access 
to who thought what about a given 
topic. It would also have been helpful to 
find quickly where major mineral groups 
such as feldspars or pyroxenes were 
discussed, if at all—D. B. Stewart. 


Computing Methods in Optimization 
Problems, edited by A. V. BALAKRISE- 
nan & L. W. Neustapt; 327 pages; 
$7.50; Academic Press, 1964. 


This book is a collection of papers 
delivered at & conference held at the 
University of California, Los Angeles, in 
January 1964. Although the editors have 
not divided the papers into general 
classifications, the reviewer has done so 
below: 

A. Mathematical Theory, 4 papers; 
B. General Applications, 5 papers; C. 
Specific Applications, 3 papers; and D. 
Hybrid Computing Techniques, 3 papers. 

Clearly there is no continuity between 
papers. None was intended by the 
editors. Conference attendees partici- 
pated in discussions of the papers as 
they were presented ; unfortunately, this 


discussion is not included in the volume. 
The inclusion of discussers’ comments 
would have been a valuable addition to 
the book and, indeed, would have more 
realistically reflected the spirit of the 
conference. 

The style and lucidity of the papers 
differ considerably and the level of the 
assumed audience also varies from paper 
to paper. Such criticisms are to be ex- 
pected in a book of this sort. 

The volume is of value to researchers 
and students of the computational arts 
whose work falls in an area covered by a 
specific conference paper. It illustrates, 
among other things, that definite prog- 
ress has been made in harnessing the 
Jarge-scale digital computer for the 
solution of certain engineering problems. 
Computational experience with hybrid 
computing systems is discussed. This is 
a rather new area of research and rela- 
tively few published results in the con- 
trol field are to be found. Specialists in 
process control and students of systems 
containing pure time delay should find 
interesting reading in two of the 
papers.—Stephen J. Kahne. 


Star Evolution, Course 28, edited by G. 
Potvani; 488 pages; $18.50; Aca- 
demie Press, 1964. Proceedings of the 
International School of Physics *En- 
rieo Fermi," Varenna, Italy, August 
1961, L. Gratton, Director. 


This book contains material on stellar 
evolution presented at the International 
School of Physics “Enrico Fermi." Ex- 
cept for one article; “Nuclear Astro- 
physies" by G. R. Burbidge, which was 
reprinted from the Annual Review of 
Nuclear Science, all of the articles were 
recently written and some contain new 
results. I find it gratifying that certain 
elementary articles were included, which 
makes the book more self-contained 
than some other proceedings. 

The lectures can be grouped into 
several broad categories, they are: 
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(1) Interpretationof the Hertzsprung- 
Russel Diagram, including the folowing 
articles: “Observational Approach to 
Stellar Evolution" by A. R. Sandaig 
and L. Gratten, “Construction of Stellar 
Models” by M. H. Wrubel, “Stellar 
Models” by J. Faulkner and K. 
Griffths. 

(2) Nucleogenesis Problems, includ- 
ing: “Nuclear Astrophysics,” by G.*R. 
Burbidge, “Observed Abundance Anom- 
alies Indicating Nucleosynthesis in Indi- 
vidual Stars” by E. M. Burbidge, 
“Notes on Cosmic Rays" by M. M. 
Shapiro. 

(8) Stellar Evolution in General, in- 
cluding most of the remaining articles: 
“The Early Stages of Stellar Evolution" 
by E. Schatzman, “Relation Between 
the Evolution of Stars and Galaxies" by 
E. M. Burbidge, “Stars with Helium 
Rich Cores” by R. Kippenhahn, “White 
Dwarfs and Type I Supernova" by E. 
Schatzman, “Theoretical Models for 
the Pulsation of Cepheids" by N. H. 
Baker, “Stellar Stability and Stellar 
Evolution" by P. Ledoux, and 

(4) Miscellaneous, the remaining ar- 
ticles are more speculative. 


In general a weak correlation exists 
between articles in the stellar evolution 
category, but this is rather an indieation . 
of the lack of unity of our knowledge of 
stellar evolution than of the quality of 
editorship, which I think is fairly good. 
'The quality of presentation is generally 
high, but it is regretable that’ most of 
the English in this book is awkward. The 
quality of the paper used in the printing 
reflects its import origin (poor) but the 
price of this book is very domestic 
(high). Despite these two defects, this 
book is highly recommended for every 
library. The individual buyer must be 
reminded that, in such a rapidly pro- 
gressing field as stellar evolution, mate- 
rial in this book will be out-of-date soon 


' and the individual buyer may want to 


reconsider the investment on aecount of 
the high price.—Hong-Y ee Chiu 
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of costly vibrating reed devices. Unique, 
too, is the 610B’s 1% meter accuracy, 
and its .005% unity gain output for 
impedance matching. An extra large 
6-inch taut-band meter and two easy- 
to-read dials accent ease and conveni- 
ence of operation. 

The remarkably superior 610B re- 
places the 610A... and sells for the 


same price... 
$565 


Send for Engineering Note 
on 610B Electrometer 


other electrometers 


Model 610BR 

Rack mounting 610B 
Model 621 

37 ranges, line operated 
Model 600A 

54 ranges, bat. operated 
Model 603 

50 kc bandwidth amplifier 
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40,000 ORBITAL HOURS -AND STILL ON PATROL. 


These Vela nuclear detection satellites are the hardest workers in 
spacecraft history. Built by TRW, they are operating well beyond 
their expected lifetime to assure continuing protection from 
clandestine atomic blasts in space. Launched October, 1963, and 
July, 1964, this system has logged 1700 days, 2.5 billion miles and 
$30 million savings in launch and operations costs. 

TRW, designer and builder of more kinds of spacecraft for 
more different space missions than any other manufacturer, is 
working on the nation’s most advanced space projects. Cu 
programs include communications satellites for Comsat 
submarine warfare, advanced space probes, Gemini and A 
mission analysis, advanced Vela nuclear detect 
Pioneer interplanetary spacecraft, OGO satellites, Mars mission 








yn satellites 








lies, advanced ballistic missile studies and the LEM descent 
ne. These and other advanced space activities create oppor- 
tunities in: Theoretical Physics, Systems Engineering, Radar 
Systems, Experimental Physics, Applied Mathematics, Space 
Communications, Space Physics, Antennas and Microwaves, 
Inertial Guidance, Analog Computers, Solid State Physics, Com- 
puter Design, Telecommunications, Digital Computers, Guid- 
ance and Navigation, Electromechanical Devices, Engineering 
Mechanics, Applied Aerodynamics and Propulsion Systems. For 
nation about TRW opportunities in Los Angeles, San Ber- 
nardino, Calif., Houston, Cape Kennedy, and Washington, D.C., 
write TRW Professional Placement, One Space Park, Dept. AS-6 
Redondo Beach, Calif. TRW is an equal opportunity employer. 
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THIS IS THE TALLY TOTAL TAPE TEST! 


We don't put’ every Tally 420 Perforator 
through its paces by knocking the paper 
out of eight hundred rolls of tape. But 
once in a while, to recheck the outstand- 
ing reliability of these perforators, they 
get an extra session in the back room. 
In this test we perforated 80 million char- 
acters. When the tape was read back on 
a Tally Mark 20 Verify/ Duplicate System, 
we found only one error per million 
characters. 

Now, this wasn't a bad test of the Tally 
reader either. It not only read back tape 
accurately at up to 120 characters per 
second, but blithely ignored dirt, dust, 
grease and grime. 

One last thought: If you think the 420 
is a paper tiger, you ought to see the 


P-150 perforator. It devours paper tape 
at 150 characters per second with even 
higher accuracy. And, by sensing the 
motion of the punch pins, it detects its 
Own errors! 


For the full story write for a copy 
of our new catalog. Address 
Tally Corporation, 1310 Mercer 
4 SL, Seattle, Washington 98109. 
i= In the U.K. and Europe, address 

H. Ulijohn, Tally Europe Ltd., 
Radnor House, London Road, S.W., 16, 
Norbury, Surrey, England. 





TALLY 


IN MODULAR POWER SUPPLIES 


KEPCO’S HIGH-SPEED OPTION 


MAKES THE DIFFERENCE! 


6 PAX modules, cased 
with panel adapter in 
plug-in rack cabinet 


Cases, panel adapters 

and cabinet illustrated are 

only part of available accessories. 

E Write for complete specifications and prices. 


$79.00 $8389.00 


STANDARD MODULE ONLY HIGH-SPEED MODULE ONLY Seunevanoeccočacsocsaoataöpnos 
UNCASED UNCASED 





RESPONSE FUNCTION 


Rs mna con I megan jn TIME 
CPAxXx”> MODULES = sm. e 
recta Ql) vc PROGRAMMING SPEED- NORMAL & FAST — 


A CHOICE OF REGULATORS FOR OPTIMUM PERFORMANCE 


Now Kepco offers the popular PAX Modular Power Supplies with a choice of regulators. The 
standard regulators provide superlative voltage-source performance with good energy storage, 
low output impedance and almost undetectable ripple. The new high-speed regulators provide 
exceptional programming response with slewing rates in excess of 50,000 volts per second. The 
high-speed capability makes it a more nearly ideal regulator for current source applications. 








PAX DESIGN GROUP FEATURES: 


@ 0.05% regulation and stability 

m 50 microsecond recovery time 

m 115/230V, 50-440 cps input 

m Resistance/voltage programming 
m Open/cased/rack mounting choice 


STANDARD REGULATORS HIGH-SPEED REGULATORS 
m Ideal voltage source = Ideal current source 
m 200-500V/sec programming = >50,000V/sec programming 















UTPUT 
*% MODEL M cn 


(UNCASED MODULE) 








| VOLTS | AMPS 
PAX 7-1. |0-7 [0-1 | 03 
PAX 15—0.75 | 0-15 |0-0.75| 03 
PAX 21-05 | 0-21 [0-05 | 03 
PAX 36-03 | 0-36 |0-0.3 | 03 
PAX 72 -0.15 | 0-72 |0-0.15 | 03 
PAX 100—0.1 | 0-100 | 0-0.1 


























Patent Nos. furnished on request 


L 2-2----2-2---.--. %To specify high-speed models: add suffix "HS" 

See our - a. to the model number eg. PAX 7-1HS. 
complete ad ^ HS regulators to convert standard PAX modules 
R Erge Be BEI ee ee uf: for high-speed programmability are available 
Catalog in separately. Write for complete specifications 


131-38 SANFORD AVENUE « FLUSHING, N.Y. 11352 « (212) 461-7000 e TWX #212-539-6623 « Cable: KEPCOPOWER NEWYORK 
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- AUTORANGING AC » AC MEASUREMENTS 


WITH YOUR hp 3440A DIGITAL VOLTMETER 





SPECIFICATIONS, 3445A (plugged into the 3440A) 


Now your Hewlett-Packard solid-state 3440A Voltage range 4-digit full-scale readings of 9.999, 99.99 and 
DVM lets you measure ac (50 cps to 100 kc) or (ac and dc): 999.9 v; 5% overrange capability, indicator. 
dc signals 10 to 1000 volts full scale. Just con- Voltage accuracy (ac): from 20°C to 30°C, including +10% line 


3 » variations. 50 cps—20 kc, +0.1% of reading 
nect directly to the input terminals of the 3445A, +2 counts. 20 kc—50 kc, +0.1% of full scale 
select manual range or automatic ranging—or +2 counts. 50 kc—100 kc, <+0.3% of full 
program range remotely. Signal common may be scale +2 counts. Temperature coefficient = 


+0.005%/°C f .—20*C and 30—50*C. 

connected up to 500 v dc above ground. Perma- 0.00595 /*C from 0—20*C an dh 
n à sot 9 f + t i 

nent test records are available on all functions, Voltage: accuracy (do) 10,0075 area RE EIG INCHAME 19% 


: à k i line variation, +15°C to +40°C (+0.1% +1 
including polarity, decimal ‚function and over- digit O*C to +50°C). 


load, with accessory J74-562A Printer for a Range selection (ac): Manual, automatic, remote; auto reading <2 
1224 code (J76-562A for a 1248 code). sec; max. remote ranging time 40 msec. 


Range selection (dc): Manual, automatic, remote; auto reading <1 


. 
The specs tell the story of new versatility for the sec; max. reniote:ranging time;40 msec. 


3440A, $1160, today’s best DVM buy. Other 
plug-ins that make the 3440A your most flexible 
digital voltmeter include the 3441A Manual 
Ranger Selector, $40; 3442A Automatic Range Input filter (dc): response time <450 msec to a step function 
Selector, $135; 3443A High-Gain/Autorange to within 99.95% of final value; 30 db ac re- 
Unit, $450; 3444A DC Multi-Function Unit, jection at 60 cps on 10, 100 and 1000 v ranges, 
$575. Then check your hp field engineer or write Inoreesing:at -Loicb/Dctve. 

for complete data to Hewlett-Packard, Palo Alto, 


Function selection: ac or dc, front panel. 


Input impedance: 10 megs shunted by <20 pf, all ac ranges; 
10.2 megs, dc. 


10 v range 100 v range 1000 v range 


. à Common mode dc 90 db 70 db 50 db 
California 94304, Tel. (415) 326-7000; Europe: rejection (dc): 60 cps 70 db 50 db 30 db 
54 Route des Acacias, Geneva; Canada: 8270 Price: $525. 


Mayrand Street, Montreal. 


Data subject to change without notice. Price f.o.b. factory 
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CONTRIBUTORS 


A. H. Strurrevant, The Fly Room 303 


Professor Sturtevant, who is himself one of the great pioneers of modern genetics, has 
devoted the last few years to writing A History of Genetics (to be published this fall by 
Harper & Row). This is one chapter in which he describes T. H. Morgan’s fly room, where 
Dr. Sturtevant himself made such notable contributions. The chapter’s appearance 
here owes much to the cooperation of Mr. A. D. Sinauer, Biology Editor of Harper & 
Row. Our frontispiece, a previously unpublished photograph, will also appear in a 
forthcoming book by Chandler Fulton of Brandeis University. Author’s address: Divi- 
sion of Biology, California Institute of Technology, Pasadena 4. 


C. M. Suieecevicn, Liquefied Natural Gas—A New Source of 
Energy: Part IT, Peak Load Shaving and Other Uses 308 


A transfer student from Montana State College to the University of Michigan in 1939, 
a BS in 1941, and an MS in Chemical Engineering in 1942, Dr. Sliepcevich obtained his 
PhD in 1948 after a period of years devoted to classified research during the war. In 
1951, he became an Associate Professor of Chemical and Metallurgical Engineering at the 
University of Michigan, and, in 1955, became Professor and Chairman of Chemical 
Engineering at the University of Oklahoma at Norman, Okla. Since 1958 he has been 
Chairman of the School of General Engineering. In this second section of his Sigma 
Xi-RESA National Lecture, 1961—62 series, he describes the application of Liquefied 
Natural Gas to meet peak consumption of gas by local utilities and as a possible rocket 
propellant. 


SHELDON C. REED, The Evolution of Human Intelligence— 
Some Reasons Why It Should be a Continuing Process 317 


Professor Reed has been the Director of the Dight Institute of Human Genetics at the 
University of Minnesota (Minneapolis 55455) since 1947. His attempts to bring human 
genetics to the attention of physicians resulted in the popular book Counseling in 
Medical Genetics (1963) and recently, in collaboration with his wife, Dr. Elizabeth Reed, 
he has published Mental Retardation: A Family Study. 
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Society of the Sigma Xi. Office of Publication: Mack Printing Co., 20th and Northampton Sts. 
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Second-class mail privileges authorized at Easton, Pa. Additional entry at the New Haven, Conn., 
post office, December 9, 1943. This publication is authorized to be mailed at the special rates of 
postage prescribed by Section 132.122. 
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A. CuaPANIS, Color Names for Color Space 327 


The Sigma Xi-RESA National Lecturer for 1964-65 was born in Meriden, Conn., re- 
ceived his bachelor’s degree in psychology at the University of Connecticut, and his 
PhD degree at Yale in 1943. After service in the Air Force in 1943-46, he has been at- 
tached to 'The Johns Hopkins University (Baltimore, Md. 21218), becoming, in 1956, 
Professor of Psychology and Industrial Engineering. A Fellow of the American Psycho- 
logical Association, he received the Franklin V. Taylor award in 1963 for outstanding 
contributions in the field of engineering psychology and was elected President of the 
Human Factors Society for 1963-64. His lecture is concerned with the use of color names 
by people and with the agreement found in the use of such color names. 


LAWRENCE B. SLOBODKIN, On the Present Incompleteness of Mathematical 
Ecology 347 


Professor Slobodkin (of the Department of Zoology, University of Michigan, Ann Arbor) 
is an ecologist. His recent studies with fresh-water hydra were reported in terms of 
evolutionary strategy in a previous issue of AMERICAN Scientist. Here he gives us some 
stimulating thoughts about the application of mathematies to ecology. From this fall 
until July 1966 the author will be a visiting professor in the Department of Zoology, 
University of Tel-Aviv, Tel-Aviv, Israel. 


Prrer J. WaAxaEnsKY, The Organic Chemistry of Sea Water 358 


A BS in chemistry from Brown University, he received a PhD in zoology from Yale 
University. Like many oceanographers he has been something of a migrant worker, at 
Scripps, the U.S. Fish and Wildlife Gulf Fisheries Investigation at Galveston, Texas, 
the Marine Laboratory of the University of Miami, Florida, and the Bingham Oceano- 
graphic Laboratory at Yale University. After trans-Atlantic expeditions and work in 
Long Island Sound, he has recently joined the Institute of Oceanography, Dalhousie 
University, Halifax, Nova Scotia, Canada. 


G. J. Levensacu, Systems Reliability and Engineering Statistical 
Aspects 375 


Born in Philadelphia, Pa., Mr. Levenbach was educated in the Netherlands, receiving 
the ME degree from the Institute of Technology in Delft in 1933. For many years he 
worked as a Communications Engineer with Philips Telecommunications Industries in 
Holland and with the Governmental Telephone Service in Indonesia. In 1953, he returned 
to the U.S.A. and joined the Bell Telephone Laboratories. Since 1960, he has been a 
member of Bell’s Reliability Engineering Center, Whippany, N.J., in charge of Systems 
Reliability. An associate editor of T'echnometrics, he is also a member of professional 
statistical societies here and abroad. 
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TRW will help them get back. By 1970 two Apollo- 
nauts will descend onto the moon in their Lunar Excur- 
sion Module (LEM). A TRW propulsion system will 
land them feather-soft. They will explore the lunar sur- 
face, then prepare for the long journey home. After lunar 
blastoff they will rendezvous with their return vehicle, 
holding in orbit 80 miles out. During this lunar phase 
a TRW-built lightweight "strapdown" inertial guidance 
system will enhance their safety. 

These major Apollo tasks have been assigned by 
Grumman to TRW Systems, the new name for TRW 
Space Technology Laboratories. TRW provides overall 
mission planning and analysis for NASA’s Project Apollo, 
as it has done for the Mercury and Gemini programs. 





When LEM men go down to the moon in ships... 





TRW's participation in 90% of all U.S. space launches 
has created openings in: Inertial Guidance and Control; 
Mission, Trajectory and Guidance Analysis; Semicon- 
ductor Applications; Radar and Sonar; Communications 
and Telemetry; Experimental Mechanics; Dynamics and 
Structures Analysis; Aerophysics; Re-entry Systems; 
Spacecraft Heat Transfer; Space Propulsion; Microelec- 
tronics; Systems Research, Development and Analysis; 
Solid State Physics; and Applied Mathematics. 

For TRW opportunities in Los Angeles, San Bernar- 
dino, Calif., Houston, Texas, Cape Kennedy, Fla., and 
Washington, D.C., write TRW Professional Placement, 
One Space Park, Redondo Beach, Calif., Dept. AS- 9. 
TRW is an equal opportunity employer. 


TRW SYSTEMS 


Formerly TRW Space Technology Laboratories 
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Lienc-Hvuane Ler, Beyond the Horizon of Science 292A 


The President of the Midland Branch of RESA, a research organic chemist in the Dow 
Chemical Co., presented this address at the Seventh Initiation Meeting of the Midland 
Branch of the Scientific Research Society of America, January 1965. Home address: 
1510 Ohio St., Midland, Mich. 


LAWRENCE CrANBERG, Ethical Problems of Scientists 303A 


Through the courtesy of Physics Today, 18, No. 4, 51-52 (1965), we are presenting a 
summary of a lecture given in April 1964 at a seminar of the Physics Department of the 
University of Washington, Seattle. The author is Professor of Physics at the University 
of Virginia. 
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New PAR Lock-In Amplifier Measures Signals 
in the Presence of Noise by Crosscorrelation 


The PAR Model HR-8 Lock-In 
Amplifier represents a significant ad- 
vance in signal processing equipment 
for experimentalists who must meas- 
ure low-level signal intensities in the 
presence of noise. It employs the the- 
oretically optimum technique for sig- 
nal recovery, and can be incorporated 
into a large class of experiments in 
which the signal of interest is, or can 
be made periodic, and in which a ref- 
erence voltage related in frequency 
and phase to the signal can be ob- 
tained. The Model HR-8 first ampli- 
fies and bandlimits the input signal 
and then crosscorrelates it with the 
reference signal, suitably phase shifted 
and shaped. The crosscorrelation of 
input and reference signals yields a 
DC output voltage proportional to the 
signal of interest, while the cross- 
correlation of the reference and noise 
results in no net DC voltage. The sys- 
tem can also be described as a con- 
tinuously integrating, highly sensitive, 
phase conscious voltmeter, the re- 
sponse of which is "locked" to that 
particular frequency and phase at 
which the signal information has been 
made to appear. 





FREQUENCY 


Technical Features: 
Frequency Range: 1.5 cps to 150 KC | 
continuously tunable in 5 ranges. 
Time Constants: 11 values in 1-3 se- 
quence extending from 0.001 to 100 | 
seconds. Single or double section RC 
filtering. 
Pre-Amplifiers: Interchangeable low- 
noise pre-amplifiers, operable either 
within the HR-8 or remotely, are used. 
Type A: Differential 10 megohm input. 
Type B: Low impedance transformer 
input for low source impedances. 
Sensitivity: 21 calibrated full scale 
ranges in 1-2-5 sequence. 
With Type A Pre-Amplifier: 100 nano- 
volts to 500 millivolts rms. 
With Type B Pre-Amplifier: 1 nanovolt 
to 5 millivolts rms. 


Output: = 10 volts full scale, single- 
ended with respect to ground. Will 
drive galvanometric and servo 
recorders. 


Frequency Selective Amplifiers: Notch 
network in negative feedback loop used 
in both signal and reference channel 
tuned amplifiers. Reference channel 
Q of 10. Signal channel Q adjustable 
from 5 to 25 with calibrated dial (no 
gain change with Q adjustment). 
Phase Adjustment: Calibrated 360° 
phase shifter, providing continuous ro- 
tation as well as a four position quad- 
rant switch which shifts phase in 90° 
increments. 

Price: $2,100 with either Type A or 





Type B Pre-Amplifier. 
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Contours of constant noise figure for 
typical PAR Type A preamplifier plott: 
to show dependence on frequency ar 
source resistance at 300° K. Amplifi 
operated single-ended. 


Write for bulletin No. 120 on ti 
HR-8 or ask for information on PAR 
complete line of Lock-In Amplifie 
and accessories. 
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Box 565, Princeton, N. J., Tel. (609) 799-1222 
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NEWS AND VIEWS 


* By the Board of Editors and the Membership of the 
Society of the Sigma Xi and the 
Scientific Research Society of America, RESA 





EDITORIAL COMMENT 


It is with a keen sense of regret that 
the Board of Editors of AMERICAN 
Scientist has received the resignation 
of Professor George B. Field, who has 
been a consultant of the journal, de- 
voting special attention to books re- 
ceived in the area of astronomy, advis- 
ing the Board on the quality of articles 
submitted, and the possible sources of 
other contributions. Volumes 51 to 53 
are the richer for his efforts. While we 
voice our thanks and our regrets, we 
extend to him our congratulations on the 
transition from the Princeton scene to 
a new position in Berkeley, where we 
hope for him new opportunities and 
further suecess. 

As in previous September issues, we 
present the report of the Chairman of 


the Committee on Grants-in-Aid of 
Research, Dr. Harlow Shapley. The 
awards made this year are substantially 
less in number and amounts than those 
of the preceding year because of the 
special circumstances reported in the 
June 1965 issue, page 160A. It is hoped 
that this fruitful activity of the Society 
may be resumed on an even more gen- 
erous scale in the coming year. The en- 
tire membership of the Society will be 
invited to assist in the task. 

The new feature to be found in this 
issue include a list of Chapters and Clubs 
with the dates of their establishment 
and their number, together with the 
names of the officers of the Chapters and 
Clubs. 


GRANTS-IN-AID OF RESEARCH 
Report of Awards made by Grants-in-Aid of Research Committee for 1965 


As reported to the Society in the June 
issue of AMERICAN SCIENTIST (page 
160A), 1965 has been a most trying and 
disturbing year for the Grants-in-Aid 
of Research Committee. With all 
funds exhausted after the first two 
meetings of the Committee, the regular 
June meeting was cancelled and all 
applicants were notified. 

President Farrington Daniels per- 
sonally wrote to all chapter and club 
presidents to acquaint them with the 
financial problem of the Grants-in-Aid 
of Research operation and invited them 
to have their groups assist if at all 
possible. In response to this letter, 
contributions were received from a 
number of groups so that the Society 
has received to date $3000 more than 
had been budgeted for 1965 from this 
source of support. In view of this addi- 
tional commitment the Executive Com- 
mittee, upon Dr. Daniels’ recommen- 
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dation, voted a corresponding increase 
in the appropriation allocated to the 
Grants-in-Aid of Research Committee. 

This added support permitted the 
Committee to make 17 awards to indi- 
viduals whose applications had been 
pending for action by the June meeting 
prior to its cancellation. 

Again this past year the Grants-in- 
Aid of Research Fund was the recip- 
ient of a gift from Mrs. Daisy Yen Wu 
in memory of her husband, Dr. Hsien 
Wu. The Hsien Wu and Daisy Yen Wu 
Fund has now reached a total of just 
over $20,000, which amount Mrs. Wu 
had pledged in support of Grants-in- 
Aid of Research. 

'The Committee wishes to call atten- 
tion to two awards in the following list 
which were made possible by earnings 
from this Fund: The award to Elaine N. 
McIntosh and the award to Elizabeth 
C. Paulsen. 


Two hundred million dollar sales in 1954. :. over a 

N ew Ph billion today! Much of our spectacular growth stems 
s a directly from intensive research and development. 

We're trend-setters in tires, industrial rubber 


. a . 
opportunities in products, PVC, foam and rigid polyurethanes 


and polyester reinforced fiber glass. 


General Tire And, we need men like you to do doctorate 


level, independent basic and applied research. 


Ra D | Here’s your chance to put your theories to con- 
? structive practice! H 





We invite inquiries from Ph. D.'s in: 


* Polymer Chemistry * Organic Chemistry 

* Polymer Physics * Materials Engineering 
* Physical-Organic Chemistry « Engineering Physics 
* Physical! Chemistry * Applied Mechanics 


* Materials Science 
NO POLYMER TRAINING REQUIRED! 


For assignments in these areas: 


Polymers for novel tire construction + Properties of re- 
inforced plastic structures - Chemical applications and 
properties of foam plastics - Development of synthetic 
breathable materials - Relationship of polymer proper- 
ties and structures - Latex technology * Organic coat- 
ings + Thermoplastic resin technology + Improved poly- 
mers for dynamic applications. 


You'll work in a modern, air-conditioned l&boratory in 
a pleasant suburban area. You'll associate with author- 
ities and thought leaders in polymer science and appli- 
cation. Living conditions are excellent...fine schools, 
universities ... manifold cultural opportunities in Akron 
and in Cleveland, less than one hour away. Plus, ex- 
cellent salary administration and comprehensive bene- 
fit programs geared to meet security requirements for 
you and your family. 


Strike a responsive chord? we'd like to hear from you. 


Please write to our Personnel Recruiting-Coordinator: 
Mr. A. L. Richards 


GENERAL The General Tire & Rubber Company 
1708 Englewood Avenue 


Akron, Ohio 44309 
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The Committee expresses its appreci- 
ation to all those who have given sup- 
port to this most important activity of 
the Society, and we hope that in 1966 
we shall be able to meet more of the 
deserving requests than it was possible 


to do in 1965. 
HARLOW SHAPLEY 
Chairman 
Grants-in-Aid of 
Research Com- 
mittee 


GRANTS-IN-AID OF RESEARCH AWARDS FOR 1965 


e Helmer A. Abramson, Michigan Tech- 
nological University. “Solubility of 
cobalt ammine carbonate in ammonium 
carbonate solutions. Effect of ammonia 
and carbon dioxide concentrations"; 
$200. 

Lowell Adams, University of Cali- 
fornia, San Francisco Medical Center. 
“Deep body temperatures of hibernat- 
ing California ground squirrels measured 
by implanted radio telemeters”; $300. 

Wayne M. Ahr, Rice University. 
“Petrology and depositional history of 
the point peak member of the Wilberns 
formation”; $300. 

Leonard P. Alberstadt, University of 
Oklahoma. ‘“Biostratigraphie study of 
the Viola and Fernvale formations 
(Ordovician) in the Arbuckle Mountain 
region of south-central Oklahoma"; 
$300. 

Harrison W. Ambrose, III, Univer- 
sity of Michigan. “The use of isotopes 
in a study of the ecological significance 
of home range"; $500. 

Dennis E. Anderson, Humboldt State 
College. "Distribution and relationship 
of chromosome number races in Mon- 
tia"; $450. 

Edwin J. Anderson, Brown Uni- 
versity. “Relationship of morphologic 
variation of Gypidula coeymanensis to 
Coeyman’s limestone  paleoenviron- 
ment” ; $400. 

Peter B. Andrews, University of 
Texas. “St. Joseph Island, Aransas Co., 
Texas; a washover fan. Lithofacies and 
biofacies analysis" ; $400. 

Theodore J. Armbrustmacher, State 
University of Iowa. “Mafie dikes of the 
Clear Creek drainage area, Eastern 
Bighorn Mountains, Wyoming" ; $600. 

Norman $. Bailey, Bradford Junior 
College. “The bioecology of the Tingidae 
(Heteroptera) and Tabanidae (Diptera) 
of Swans Island, Maine and vicinity"; 


$500. 
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Edwin M. Banks, University of Illi- 
nois. “The ethology of the varying 
lemming, Dicrostonyx groenlandicus” ; 
$500. 

Kenneth R. Barker, University of 
Texas. “The spermateleosis and sperm 
morphology of Emerita talpoida as 
revealed by electron microscopy"; $250. 

Shelley Barker, University of Adel- 
aide, South Australia. “The ecology of 
Rattus greyi" ; $300. 

Henry J. Bauerlein, Virginia Poly- 
technic Institute. “Structure and stratig- 
raphy of the Cove Mountain Block— 
a possible key to the mechanics of 
Appalachian overthrusting"; $250. 

James B. Benedict, University of 
Wisconsin. *Soil-moisture variations in 
the Colorado front range since 300 A.D.” ; 
$300. 

Theodore L. Bissell, University of 
Maryland. "Classification and descrip- 
tion of aphids inhabiting trees of the 
family Juglandaceae in North America"; 
$300. 

Will H. Blackwell, Jr., University of 
Texas. “Taxonomic studies in the plant 
genus Bowuvardia" ; $350. 

Stephen F. Bowen, Jr., St. Louis 
University, Medical School. *Resorp- 
tion of central corneal gut sutures-time 
and method of resorption"; $200. 

Peter W. Bretsky, Jr., Yale Uni- 
versity. ‘Paleoecology of the Ortho- 
rhynchula zone (Ordovician), central 
Appalachians”; $200. 

Garnett R. Brooks, Jr., College of 
William & Mary. “Efficiency of food 
utilization by lizards”; $300. 

Leonard F. Brown, Jr., Baylor Uni- 
versity. “Stratigraphic and  deposi- 
tional framework of upper Pennsylva- 
nian and lower Permian rocks, north- 
central Texas"; $300. 

Robert L. Burgess, North Dakota 
State University. *An annotated bibli- 
ography of Arizona vegetation" ; $325. 





WHY A 100 VOLT SOLID STATE ANALOG COMPUTER WITH A FULL 
50 MA OUTPUT? WE CAN TELL YOU WHY—IN TWO WORDS: 
SPEED AND ACCURACY! with its full 100 volt computing range, the 


Comcor Ci-150 offers easier scaling and increased accuracy. Its 50 ma output, the 
only 50 ma output available in any solid state analog system, provides repetitive 
operation of 50 solutions per second. 
If your problems include: Data reduction using power spectral density analysis 
techniques = Vibration analysis * Optimization of chemical processes ® Design of 
electrical systems * Simulation of control systems, including predictive/adaptive 
systems * Nuclear reactor design studies * Re-entry studies = Reaction jet control 
- systems design for space craft * in short, any sys- 
tem which can be described or modeled with a set 
of simultaneous differential equations, you should 
be using the Comcor Ci-150 analog computer. 
The Ci-150 has all the capability of a complex 
scientific computer without the attendant require- 
ment of a highly skilled operator. It's humanized 
to make it a working tool. Notice the simplified 
console layout and the finger tip-control of the 
operating panel; the fully illuminated blocked in 
numerals of the amplifier overload lights; the 
accessibility of computing components; and the 
full desk—console styling (wheel it, why lift it?) 
But that's not all—what you can't see is the fail 
safe operation of the removable patch panel—no danger of component damage 
through wiring errors. The Ci-150 is compatible with existing 100 volt equipment, 
expandable to 75 amplifiers and utilizes field proven hybrid computer components. 
And the price is right. $11,000 to $60,000. 
Come to think of it, doesn't it make sense to find out how this versatile tool can be 
used to help solve your problem? Write for complete technical information and 
applications assistance to: (eo 


Comcor Inc. A Subsidiary of Astrodata, Inc. 


P.O, BOX 3057, 1335 SOUTH CLAUDINA ST., ANAHEIM, CALIFORNIA e 92803 
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Guy L. Bush, University of Mel- 
bourne, Australia. “The comparative 
cytology of the primitive mecopteran 
families Choristidae and Nannochoristi- 
dae"; $500. 

Brother Joseph Cain, St. Edward’s 
University, Austin, Texas. “Nitrogen 
utilization in the genus Chlamydomonas” ; 
$314. 

Parry D. Caldwell, Central Michigan 
University. “The dynamics of an island 
population of small mammals with 
reduced interspecific — competition"; 
$250. 

William 8. Calkin, Colorado School of 
Mines. *"The geology of the Alum Creek 
area, San Juan Mountains, Colorado"; 
$200. 

John A. Campbell, Colorado State 
University. “Stratigraphy, sedimentary 
petrology, and paleoecology of the 
Devonian of Central Colorado”; $400. 

Wayne F. Canis, University of Mis- 
souri. *Biostratigraphy of the Chouteau 
group of Missouri"; $275. 

William F. Cannon, Syracuse Uni- 
versity. “Geology of the La Cloche area: 
Ontario"; $325. 

K. Douglas Carlson, Case Institute of 
Technology. “High temperature chem- 
istry of refractory oxides, nitrides, and 
phosphides”’; $400. 

Richard A. Cavalero, University of 
Maine. “The stratigraphy and meta- 
morphic and igneous petrology of the 
Clifton Township area, Maine’’; $250. 
* Sarah Clevenger, Indiana State Col- 
lege. “The flavonoid compounds found 
in members of the genus Impatiens” ; 
$400. 

John J. Cochrane, Rensselaer Poly- 
technic Institute. ‘Theory of floc 
strengthening for filtration" ; $500. 

Martin L. Cody, University of Penn- 
sylvania. ‘Coexistence mechanisms in 
grassland birds"; $600. 

John W. Connolly, Marietta College. 
“The Wurtz reaction in organosilicon"'; 
$400. 

Omar G. Conrad, University of Texas. 
“Stratigraphy and structure of the 


Tertiary ignimbrites, Southwestern 
Utah”; $400. 
Richard L. Cooley, Pennsylvania 


State University. “The role of mountain 
range structure and stratigraphy in 
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ground water recharge to a semiarid 
basin"; $475. 

John D. Cooper, University of Texas. 
"Stratigraphy of the Escondido forma- 
tion"; $325. 

Ursula M. Cowgill, Yale University. 
“Demography of York, Yorkshire, Eng- 
land in the 16th, 17th, 18th, and early 
19th century"; $700. 

Jesse L. Craft, Jr., University of 
Western Ontario, Canada. “Glacial ge- 
ology of the Tupper Lake-Raquette Lake 
region, Adirondack Mountains, New 
York"; $600. 

Richard W. Dapson, Cornell Uni- 
versity. ‘Seasonal fluctuations in cranial 
size and shape in the short-tail shrew, 
Blarina brevicauda” ; $300. 

John C. Davis, University of Wyo- 
ming. “Petrology of the Mowry shale”; 
$200. 

J. David Davis, Merrimack College, 
North Andover, Mass. “Preparation of 
arylorthoformates and substituted aryl- 
oxy-halogermanes" ; $300. 

Richard A. Davis, Jr., University of 
Wisconsin. ‘‘Paleoecology of the Shako- 
pee Dolomite (Ordovician) in the upper 
Mississippi valley’’; $300. 

Dwight E. Deal, University of New 
Mexico. “Cenozoic history of the Gila 
River drainage, southwestern New Mex- 
ico”; $425. 

Jared M. Diamond, Harvard Medical 
School. ‘Breeding habits and distribu- 
tion of birds in the Karimui basin, 
New Guinea"; $400. 

Roger L. Dominowski, Northwestern 
University. “Anagram solving as a 
function of word frequency and bigram 
frequency rank”; $250. 

Lewis Dunbar Dove, Tulane Uni- 
versity. ‘Relationships between the 
level of adenosine triphosphate, organic 
nitrogen, and the onset of water stress in 
excised tomato leaves"; $400. 

James H. Dover, University of Wash- 
ington. ‘‘Metamorphism and structure 
of the Pioneer Mountains, east-central 
Idaho"; $500. 

Richard D. Estes, Boston University. 
“Biology and relationships of the Mexi- 
can cone-nosed toad Rhinophrynus dor- 
salis" ; $300. 

George F. Fisler, San Fernando 
Valley State College, Northridge, Cali- 





Performance features include: 


Bandwidth (with new P6010 Probe) 
20 mvidiv through 10 v/div > 50 Mc 
10 mvidiv > 45 Mc 
5 mvidiv > 40 Mc 
1 mvidiv > 25 Mc (Channels cascaded) 


Sweep Rates—5 sec/div to 10 nsec/div (with 10X Mag.) 
Calibrated Sweep Delay—50 sec to 1 usec. 

CRT—New 4” rectangular, operating at 10 kv. 

X-Y Operation —DC to > 5 Mc, 5 mv/div through 10 v/div 


Triggering—To 50 Mc, from Channel 1 or combined signals 
(both sweeps) 


Type 453 Oscilloscope U.S. Sales Price f.o.b. Beaverton, Oregon $1,950 


Here's the new portable oscillo- 
~ Í scope for DC-to-50 Mc applica- 
tions. It operates almost anywhere 
—and under severe environmental 
conditions. It's small and light— 
with overall dimensions of 74" 
B high x 124" wide x 22%," deep 
(including.extended carrying 


handle), and weighs less than 


from 


tektro 
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fornia. “Activity patterns in small 
rodents”; $300. 

James M. Forman, Tufts University 
School of Dental Medicine. “Study of 
isoenzymes found in salivary glands by 
electrophoretic separation”; $200. 

Donald R. Fowler, Northwestern 
University. “Application of statistics to 
the study of the paleoecology of the 
Cdivert and Choptank formations of the 
Maryland Miocene”; $300. 

Robert Fried, Hunter College, New 
York. “Development of a method for 
obtaining conditioned aversion to cigar- 
ette smoking" ; $400. 

David S. Fullerton, Yale University. 
“Glacial geology of the upper Mohawk 
region, New York"; $250. 

Herschel W. Garner, Texas Tech- 
nological College. “Ecological aspects of 
of the brush mouse, Peromyscus boylii” ; 
$300. 

Mother Bonaventure Ghidoni, Col- 
lege of New Rochelle. “Character of the 
phytoplaneton and zooplancton of Long 
Island Sound as a result of changing 
ecological conditions”; $600. 

Joel E. Giddens, University of Geor- 
gia. “The molybdenum requirement of 
symbiotic  nitrogen-fixing bacteria”; 
$550. 

David L. Giles, University of New 
Mexico. “Geochemistry of selected 
welded tuff units, SW New Mexico and 
SE Arizona, with reference to the datil 
volcanie group”; $450. 

William A. Girdley, Washington 
State University. "Shelf sedimentation 
of eastern Paradox Basin in south- 
western Colorado"; $200. 

Alice I. Goldsby, Loyola University. 
"Immunological response of laboratory 
animals to the antigen of the dog hook- 
worm and the pig Ascaris lumbricoides” ; 
$600. 

George C. Gorman, Harvard Uni- 
versity. “Behavior and blood proteins 
as indiees of relationships in West 
Indian Anolis lizards” ; $400. 

Thomas Gray, MeMaster University, 
Canada. “The acquired distinctiveness 
of a signal paired with food’’; $500. 

Wayne S. Greb, Bowling Green State 
University. “Sedimentary parameters 
of the Navajo Sandstone, Uintah 
County, Utah” ; $400. 
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David W. Greenfield, University of 
Washington. “Systematics and zoo- 
geography of Myripristis (Pisces: Holo- 
centridae)"; $200. 

Forrest C. Greenslade, Tulane Uni- 
versity. “DNA and deoxyriboside me- 
tabolism in Rana pipiens nuclear trans- 
plant embryos"; $475. 

John K. Greer, Michigan State Uni- 
versity. "Ecology of rodents of the 
Province of Malleco,Chile"; $200. 

Richard B. Grinols, University of 
Washington. “Systematic review of 
deep-water marine fishes off the Wash- 
ington coast and adjacent waters"; 
$500. 

James O. Guthrie, University of 
Massachusetts. “Geology of a portion 
of the Belchertown intrusive complex, 
west-central Massachusetts”; $200. 

David L. Halpin, University of 
Massachusetts. Geometry of folds and 
style of deformation in the Quabbin Hill 
area, Massachusetts" ; $125. 

Ronald L. Hancock, Jackson Labora- 
tory, Bar Harbor, Maine. ‘“Nucleolar 
organizers of blastocyst nuclei"; $70. 

Robert C. Harriss, Rice University. 
“Biogeochemical control on concentra- 
tions of Cu, Mn, Pb, and Zn in natural 
fresh waters of New York"; $200. 

Nathan H. Hart, Union College. 
“Study on origin of endocardial cells and 
origin and transformation of the septal 
anlages in the bulbus cordis"; $375. 

Brian A. Hazlett, Harvard University. 
"Studies of Pagurid communications 
systems"; $800. 

Ned D. Heindel, Marshall University. 
"New synthetic methods for 1,4-thia- 
zines and l,4-benzothiazines of phar- 
maceutical interest” ; $500. 

Philip M. Helfaer, Harvard Uni- 
versity. "Psychology of religious doubt: 
A clinical study of Protestant theology 
students”; $300. 

John A. Hendrickson, Jr., University 
of Kansas. “Revision of the genus 
Scellus Loew in North America (Dip- 
tera: Dolichopodidae)” ; $300. 

Magdalena M. Herman, University 
of Pennsylvania. “Effects of asym- 
metric stimulation on ego-centric lo- 
calization" ; $400. 

Harold F. Hirth, University of Utah. 


“The behavior and ecology of migrating 
snakes"; $400. 

Deborah V. Howard, Massachusetts 
Audubon Society. ‘Investigation into 
the reproductive success of the American 
robin in eastern Massachusetts, as it 
may be influenced by DDT"'; $500. 

James F. Howard, Indiana Uni- 
versity. “Biostratigraphy and paleoe- 
cology of the Waccamaw Fm. (Plio- 
cene) and the Duplin Fm. (late Miocene) 
of N. and S. Carolina"; $225. 

Neil C. Hulings, Texas Christian 
University. Taxonomy of recent mar- 
ine ostracods based on carapace and 
appendage morphology" ; $400. 

Arthur M. Hussey, II, Bowdoin Col- 
lege, Maine. “Regional metamorphism of 
southern York County, Maine’’; $400. 

James M. Jay, Wayne State Univer- 
sity. “Biochemical characterization of 
beef proteins from beef freshness to 
spoilage”; $200. 

Carl F. Jordan, Douglass College, 
Rutgers University. “Forest fire in- 
fluences in the hardwood forests of 
New Jersey" ; $450. 

William F. Jud, Jr., Washington 
University, St. Louis, Missouri. “An 
investigation of crystallization of ZnS 
grown by diffusion" ; $400. 

Edward 8. Katkin, State University 
of New York at Buffalo. “Relationship 
between autonomic activity, stress and 
individual differences in anxiety”; 
$1,000. 

David E. Kidd, Michigan State 
University. ‘Comparative taxonomy 
of algae in nature, soil water culture, 
agar media, and liquid nutrient media"; 
$350. 

Sister M. Laeticia Kilzer, Mount 
Marty College, Yankton, South Dakota. 
“Synthesis of  4,4’-bis(1,1-dimethyl- 
propyl) Azobenzene" ; $250. 

James B. Koenig, Mackay School of 
Mines, University of Nevada. ‘“Ge- 
ology and physical chemistry of very 
fluid Pliocene latite lava flows, Sierra 
Nevada, California"; $450. 

David H. Krinsley, Queens College 
of The City University of New York. 
“Study of the surface texture of river 
sands via electron microscopy”; $300. 

Albert M. Kudo, University of Cali- 
fornia, San Diego. “A study of the 


melting relations of granitic rocks"; 
$350. 

Byron R. Kulander, West Virginia 
University. ‘‘Evolutional history and 
structural analysis of Browns Mountain 
anticline in West Virginia"; $150. 

Mel A. Kuntz, Pennsylvania State 
University. *A statistical analysis and 
evaluation of modal and chemical 
variation in a granitic pluton”; $350.* 

Robin C. Lenn, University of Cali- 
fornia at Davis. “Primary productivity 
and energy transfer in hot springs com- 
munities of Lassen National Park"; 
$400. 

David J. Leveson, Brooklyn College. 
“Metamorphic tectonites of the Twin 
Island-Hunter Island area, Pelham Bay 
Park, Bronx, New York”; $500. 

Norman Lin, Harvard University. 
“The population ecology of the cicada 
killer wasp”; $400. 

Roy C. Lindholm, Johns Hopkins 
University. “(Carbonate petrography of 
the Onondaga Limestone, New York"; 
$400. 

Donald W. Linzey, Cornell Univer- 
sity. “Ecology and behavior of the gol- 
den mouse, Ochrotomys nuttalli, in the 
Great Smoky Mountains"; $500. 

John L. Livingston, Rice University. 
“Bedrock geology and the structural 
and metamorphie history of south- 
western Transylvania County, North 
Carolina"; $300. 

Joseph LoBue, New York University. 
“A quantitative, kinetic study of hemo- 
poiesis in mice exposed to lowered baro- 
metric pressure" ; $300. 

Car] F. Lohrengel, II, Brigham Young 
University. *Palynologie correlation of 
upper Cretaceous formations in central 
and southern Utah"; $250. 

Karl M. Looff, University of Mis- 
souri. ‘Petrology of the Fort Scott for- 
mation from the base of the Summit 
coal to the Higginsville limestone"; 
$200. 

Philip A. Lydon, University of Ore- 
gon. “Geology of the Butt Mt. area, a 
source of the Tuscan formation in 
northern California" ; $400. 

John N. MacTavish, Western Re- 
serve University. “Study of the silici- 
fied fossil assemblage of the Lodgepole 
formation (Mississippian), Darby Can- 
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Lincoln Laboratory, a research center of the Massachusetts 
Institute of Technology, conducts investigations in ad- 
vanced electronics directed toward the solution of problems 
of national defense and space exploration. The General 
Research ram provides a background of experience and ideas for 
W.. with specific defense and space problems, as well 


grams 

È continuing source of contributions to electronics science and 
hnology All qualified applicants will receive consideration for em- 

ployment without regard to race, creed, color or national origin 

Lincoln Laboratory, Massachusetts Institute of Technology, Box 31, 


Solid State Physics 
Information Processing 

Radio Physics and Astronomy 
Radar 

Computer Applications 

Space Surveillance Techniques 
Re-entry Physics 

Space Communications 





A description of the Laboratory’ 





yon, Teton County, Wyoming"; $300. 

Kenneth O. May, University of Cali- 
fornia at Berkeley. “History of linear 
algebra"; $600. 

Ian N. MeCave, Brown University. 
“A sedimentological and stratigraphical 
analysis of some Middle Devonian 
elastic rocks in New York"; $400. 

Charles L. MeCormick, University of 
Massachusetts. “Influence of high 
tidal fluctuation on the sedimentation in 
marshes and tidal flats of the Merri- 
mack and Parker River estuaries, 
northeastern Massachusetts"; $400. 

Alan McGugan, University of Al- 
berta, Calgary, Canada. ‘“Permo-car- 
boniferous stratigraphy of N.E. British 
Columbia" ; $400. 

Elaine N. McIntosh, Tucson, Arizona. 
“I. Isolation and characterization of 
mucoprotein in bovine skeletal muscle. 
II. Effect of post-mortem aging on 
the mucoprotein fraction of bovine 
skeletal muscle III. Effect of post- 
mortem aging on the intracellular pro- 
teins of skeletal muscle"; $300. Hsien 
Wu & Daisy Yen Wu Award. 

Brian K. MeKnight, Oregon State 
University. “Stratigraphy and sedi- 
mentology of some Cretaceous and 
Eocene rocks in the Medford-Ashland 
region, southwestern Oregon"; $400. 

Carol A. MeLeroy, Stanford Univer- 
sity. “Angiosperm pollen from upper 
Cretaceous Panoche and Moreno for- 
mations west of San Joaquin Valley, 
California"; $400. 

Philip A. Medica, New Mexico State 
University. “A natural history study of 
four sympatric species of whiptail 
lizards (Cnemidophorus, Family: Tei- 
idae)” ; $300. 

John Merkle, Flint Community Jun- 
ior College, Flint, Michigan. ‘“Sub- 
alpine plant communities of the Teton 
Mountains, Wyoming"; $250. 

Douglas E. Merrill, University of 
Washington. “Glacial geology in the 
vieinity of Chiwaukum drainage basin, 
Washington”; $300. 

Robert Metz, Rensselaer Polytech- 
nie Institute. “Stratigraphy and struc- 
ture of the Cambridge quadrangle, New 
York”; $300. 

Merle E. Meyer, Whitman College, 
Walla Walla, Washington. “Extrapola- 


tion of the sun-are for astro-navigation 
in the pigeon’’; $900. 

Ralph R. Miller, Rutgers University, 
“No play: A means of conflict resolu- 
tion”; $250. 

William W. Miller, III, Howard Col- 
lege, Birmingham, Alabama. “Influence 
of central nervous system stimulants and 
depressants on peripheral nerves" ; $690. 

Douglas G. Mook, Brown University. 
"Physiological determinants of inges- 
tion in rats"; $700. 

Lorraine P. Morin, Southern Illinois 
University. “Histological effects of an- 
thelminth drugs on tissues of the tape- 
worm Hymenolepis diminuta"; $400. 

Peta Jane Mudie, Del Mar, Cali- 
fornia. “Biosystematic study of some 
Lotus species in southern California and 
adjacent areas"; $500. 

Russell E. Mumford, Purdue Uni- 
versity. "Migration studies of the red 
bat (Lasiurus borealis)" ; $250. 

Dhanonjoy Nasipuri, University of 
Calcutta, India. “Asymmetric reduction 
and a new method for the determination 
of absolute configuration of ketones”; 
$400. 

Martin G. Naumann, University of 
Kansas. “Biology of the social wasps of 
Costa Rica (Hymenoptera, Vespidae, 
Polybiinae)"; $400. 

Paul R. Nevergold, State University 
of New York at Buffalo. “A petrologic 
study of the Tallen Lake-Duck Lake 
amphibolite complex"; $300. 

Eviatar Nevo, University of Texas. 
"Geographie variation in the mating 
call of the cricket frog, Acris crepitans, 
and its evolutionary implications"; 
$300. 

Richard J. Newcomer, University of 
Maryland. “Serum proteins and hemo- 
globins of the salamanders of the family 
Ambystomatidae”; $400. 

Tor H. Nilsen, University of Wis- 
consin. “Relationship of sedimentation 
to tectonics in Devonian rocks of the 
Solund area, Norway"; $500. 

Gert B. Orlob, South Dakota State 
University. “Ancient and medieval 
plant pathology" ; $400. 

David W. Osgood, Duke University. 
"Effects of ambient temperature on the 
development of meristie characters in 
snakes"; $200. 
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One of a series briefly deseribing 
GM^s research in depth 


Tales of Restless Nuclei 


The molecules in a solid may be tumbling, 
rotating, or jumping. Or just quietly vibrating. 
What they do can affect the characteristics of bulk 
matter. This is not news .. . but the way we can 


relate specific motions to physical properties is. 


Physicists at GM Research are using Nuclear 
Magnetic Resonance (NMR) to study 
molecular motion as temperature or composition 
is changed. This new branch of spectroscopy 
uses magnetic nuclei to probe many phenomena 
on a molecular scale. From it, for example, our 
NMR physicists are developing new knowledge 
of electron densities, molecular configurations, 
and the basic nature of that strange squishy 


state of matter—the plastic crystal. 


In addition, they are associating specific 
molecular motions with the macroscopic 
properties of polymers. And they're learning 


to predict properties for the engineer. 


Take neoprene, for instance. Engineers wanted to 
know what plasticizers might keep it flexible 
at low temperatures . . . without having to run 


physical tests on a number of samples. 


NMR found out. How? By detecting changes in | 
molecular motion. A hard, solid polymer allows 
molecules only limited movement. Addition of a 
plasticizer, or an increase in temperature, allows 
more complex motions as the rigid structure 
relaxes. The increased motions cause narrowing 
of the NMR spectral line which can be 
correlated with flexibility. 


The motions of the nuclei tell the tale . . . and 


help General Motors find a better way. 


General Motors Research Laboratories 
Warren, Michigan 


William R. Pampe, University of 
Nebraska. “Biostratigraphy of the De- 
vonian rocks of western Colorado”; 
$200. 

E. Paul Papadopoulos, American Uni- 
versity of Beirut, Lebanon. “Synthesis 
of new antimalarial drugs and study of 
reaction simulating their metabolism"; 
$300. 

Stephen L. Pastner, Brandeis Uni- 
versity. "Reactions to reservation dis- 
bandment among the Menomini In- 
dians of Wisconsin" ; $300. 

Elizabeth C. Paulsen, Rutgers Uni- 
versity. “The biochemical and central 
nervous system effects of phenylke- 
tonuria”; $600. Hsien Wu & Daisy 
Yen Wu Award. 

Richard S. Peckham, Mt. St. Mary 
College, Newburgh, New York. “A 
determination of a non-specific response 
to pollutants in the guppy, Lebistes 
reticulatus” ; $400. 

William L. Peters, University of 
Utah. “Rearing studies of the lepto- 
phlebiid genera of mayflies in the 
southern hills of India (Ephemer- 
optera: Leptophlebiidae)”; $525. 

Martin A. Piehl, University of Michi- 
gan. “Comparative morphology of the 
haustorial attachments of some para- 
sitic flowering plants"; $300. 

Joseph M. Piotrowski, University of 
Western Ontario, Canada, ‘Melting 
relations of alkaline rocks"; $450. 

Austin P. Platt, University of Massa- 
chusetts. "Study of the inter-relation- 
ships between Limenitis arthemis and 
L. astyanax in New England" ; $250. 

Charles C. Porter, Harvard Univer- 
sity. “A systematic and biological study 
of the neotropical species of the Meso- 
stenina genus Trachysphyrus (Hyme- 
noptera: Ichneumonidae)”; $300. 

Rama S. Rai, University of Rajas- 

than, Jaipur, India. ‘“Photolysis and 
radiolysis of dilute solutions of metallor- 
ganie complexes in liquid phase"; 
$500. 
J. K. Sridhar Rao, University of 
Minnesota. “Elastic analysis of con- 
tinuous flat slabs with drop panels"; 
$500. 

Jeremy Reiskind, Yale University. 
“Paleobiology of the marine molluscan 
faunas of the Bearpaw formation (upper 


Cretaceous) in southwestern Saskatch- 
ewan”; $500. 

Frederick Reiss, Montefiore Hospital, 
New York. “Role of endogenous Vita- 
min K as growth-inhibiting factor of the 
intestinal Candida albicans flora" ; $1,200. 

William R. Reynolds, Florida State 
University. “The nature and controls of 
the development, and the genesis *of 
the lower Tertiary bauxite of south- 
eastern Alabama"; $225. 

John Riva, Villanova University. 
"Study of the micro-structure of the 
thrusts on China Mountains and the 
H. D. Range southeast of Contact, 
Nevada in order to interpret their di- 
rection(s) of movement"; $250. 

Janet Robbins, Brooklyn College. 
“Probability learning in the T-maze 
under a correction procedure as a 
function of arm length”; $500. 

Landon T. Ross, Florida State Uni- 
versity. “The genus Crepidula in North 
America and its evolution and distribu- 
tion"; $200. 

Charles L. Rowett, University of 
Alaska. ‘Paleontology of upper Paleo- 
zoic Rugose corals from the eastern 
Alaska range"; $600. 

Michael K. Rylander, Tulane Uni- 
versity. “Anatomical and physiological 
study of Erolia (Aves; Charadriiformes; 
Scolopacidae)”; $269.50. 

Timothy E. Saylor, Western Reserve 
University. “Geology and geochronology 
of the  Placerville-Pioneerville area, 
Boise Basin, Idaho”; $450. 

Robert W. Seabloom, University of 
North Dakota. “Ecological and taxo- 
nomic study of the genus Sylvilagus in 
North Dakota Badlands”; $400. 

Charles R. Sewell, University of 
Texas. “Geology of Candela Belt of 
igneous intrusions, Nuevo Leon and 
Coahuila, Mexico”; $600. 

Gretchen Schabtach, Johns Hopkins 
University. ‘Interhemispheric relations 
in the chicken as indicated by experi- 
ments in interocular transfer”; $500. 

Ralph W. Schreiber, University of 
Maine. “Correlation of environmental 
conditions with daily movements of 
gulls (Laridae) in vicinity of University 
of Maine”; $150. 

Jack W. Shields, University of Minne- 
sota. "Fluorescence microscopy of pol- 
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len development in Ornithogalum L.”; 
$500 


Morgan E. Sisk, Jr., Murray State 
College, Murray, Kentucky. “A survey 
of the fishes in West Kentucky with 
keys to the species"; $200. 

Russell E. Siverly, Ball State Teachers 
College, Indiana. “A systematic and 
biological study of mosquitoes of In- 
diana"; $500. 

Dorothy Skinner, New York Uni- 
versity School of Medicine. “The nature 
of ribonucleic acid in growing muscle"; 
$700. 

Richard E. Smith, Pennsylvania 
State University. "Relationship be- 
tween certain petrographic variables 
and porosity and permeability of the 
Gatesburg Dolomite” ; $200. 

Michael E. Soule, Stanford Uni- 
versity. “Analysis of phenetic variation 
and asymmetry of the lava lizards 
(Tropidurus) in Malawi, Southeast 
Africa"; $500. 

Dorothy B. Spangenberg, Little Rock 
University, Arkansas. “Study of effect of 
pH change on initiation of strobilation 
in Aurelia aurita”; $500. 

Dennis M. Sparks, Michigan State 
University. *Mierofloral zonation and 
correlation of lower Tertiary rocks of 
western Washington"; $400. 

Allen Spitzer, Saint Louis University. 
"Investigating Redfield theory of great 
and little traditions in interaction"; 
$400. 

Donald C. Staiff, North Dakota 
State University. *Conformational and 
configurational analysis of some 1,2,3- 
trisubstituted cyclohexane compounds” ; 
$400. 

James R. Steidtmann, University of 
Michigan. “Stratigraphy and paleo- 
tectonic environment of the Hoback 
and Pass Peak formations in the Hoback 
Basin, Wyoming" ; $400. 

Frederick A. Stevens, University of 
California at Los Angeles. “Clarkia 
unguiculata, an investigation of physio- 
logical tolerances during ontogeny"; 
$300. 

Joan G. Stewart, San Diego State 
College. “Ecology, morphology, and 
taxonomy of Pterocladia pyramidale 
(Gardner) Dawson” ; $350. 

James H. Stout, University of Alaska. 
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“The bedrock geology; between Rainey 
Creek and Denali Fault, central Alaska 
range"; $400. 

John L. Strother, University of 
Texas. *Cyto- and chemo-taxonomy of 
Dyssodia (Compositae)" ; $325. 

Jeffrey C. Sutherland, Syracuse Uni- 
versity. "The biotite-garnet magnesium 
distribution coefficient, and its applica- 
tion in metamorphic geothermometry"'; 
$200. 

Roderick A. Suthers, Harvard Uni- 
versity. "Sensory physiology and be- 
havior of three tropical bats"; $600. 

Robert M. Sweazy, University of 
Wichita. “Comparative ecology of two 
streams"; $300. 

Michael J. Switek, Jr., University of 
Oregon. “Stratigraphy and structure of 
the Elkhorn Ridge Argillite, Elkhorn 
Ridge area, Oregon" ; $300. 

James R. Tamsitt, Southern Conn. 
State College, New Haven, Conn. “A 
study of Colombian and other Neo- 
tropical bats (order Chiroptera)” ; $300. 

Allan M. Thompson, Brown Uni- 
versity. “Stratigraphy and facies rela- 
tions of the Bald Eagle formation, 
central Pennsylvania"; $300. 

James L. Throne, Ohio University. 
“Controlled cycling in a packed distilla- 
tion column" ; $400. 

Richard L. Timken, University of 
South Dakota, “Ecology and distribu- 
tion of Graptemys pseudogeographica 
in the upper Missouri River"; $250. 

Steven E. Toth, Bowling Green State 
University. “Electrophoretic analysis of 
proteins in Podocoryne carnea before and 
after carbon dioxide-induced sexuality": 
$200. 

Matsuo Tsukada, Yale University. 
*Pollen morphology and identification; 
IL. Cactaceae; III. Tropical modern 
and fossil pollen with emphasis on 
Bombacaceae" ; $600. 

Milton G. Tunzi, University of Cali- 
fornia at Davis. ‘Metabolites control- 
ling algal and bacterial populations in 
fresh-waters’’; $400. 

Christy G. Turner, II, University of 
California at Berkeley. “Estimating pre- 
historic Hopi Indian population density 
by ceramic vessel capacities"; $300. 

Joseph Vagvolgyi, University of 
Florida. ‘Evolutionary studies on the 
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genus Ashmunella (Moll: Pulm: Poly- 
gyridae)’’; $400. 

Bradford B. Van Diver, University of 
Oregon. “Geochemical and petrographic 
investigations of part of the crystalline 
core of the northern cascades of Wash- 


ington”; $400. 
S. Venketeswaran, University of 
Pittsburgh. “Studies on isolation of 


green pigmented callus tissue of to- 
bacco and its continued maintenance in 
suspension cultures"; $200. 

John R. Vogel, Rutgers University. 
"Effect of interpolated extinction on 
change in performance following shift 
in reward magnitude”; $600. 

Francois Vuilleumier, Harvard Uni- 
versity. “Species formation in Andean 
birds"; $375. 

David B. Wake, University of Chi- 
cago. “Functional and evolutionary 
morphology of the Salamander tongue" ; 
$500. 

Alma T. Walker, University of 
Georgia. “Licheu acids in North Ameri- 
can Cornicularia species" ; $500. 

Ruth A. Walker, Hunter College, 
City University of New York. “Metal 
chelates of anthraquinone derivatives"; 
$800. 

Kung Tsung Wang, National Taiwan 
University, Taipei, Taiwan, China. 
“Chemical studies of constituents of 
plants indigenous to Taiwan"; $500. 

John L. Warner, University of Minne- 
sota. “Studies in semantics and syntax" ; 
$350. 

John A. West, University of Washing- 
ton. "Electron microscopy of sex cells 
of several red algae"; $300. 

Terry R. West, Purdue University. 
“Outlining boundaries of water-bearing 
outwash materials in a glacial terrain 
near West Lafayette, Indiana"; $200. 

Richard L. Whitley, Bowling Green 
State University. ‘“Petrographic and 
geochemical study of Precambrian gran- 
ites at Butternut, Wisconsin”; $250. 

James P. Wightman, Virginia Poly- 
technic Institute. “Interactions of 
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atomie species with solids"; $400. 

Merle W. Wing, Cornell University. 
“A taxonomic revision of the Nearctic 
ant genus, Acanthomyops’’; $600. 

James L. Wolfe, Cornell University. 
"Ecological study of the eastern chip- 
munk, Tamias striatus” ; $315. 

Emerson H. Wright, Fort Lauderdale, 
Florida. “Compilation and periodic 
arrangement of the binary phase dia- 
grams of the Group VIb elements”; 
$1000. 

Ronald M. Young, Utah State Uni- 
versity. “A systematic revision of the 
western United States species of Poly- 
phylla Harris. (Coleoptera, Scarabae- 
idae, Melolonthinae)” ; $275. 

Donald J. Zinn, University of Rhode 
Island. “An annotated checklist of 
psammic copepods”; $300. 


Of interest in connection with the 
Grants-in-Aid of Research Program 
is the following letter. 


GENTLEMEN: 


This letter concerns my application 
for a 1965 Grant-in-Aid of Research. 
Unless my application has been, or will 
be, considered at a June meeting of the 
Committee please return it rather than 
hold it for future consideration. 

I have obtained partial financial sup- 
port ($500 of a required $1200) from 
NDEA, under a provision for summer 
funds of my graduate fellowship. It 
was not until late May that I learned 
about this provision. Í 

As a member of Sigma Xi I congratu- 
late you for your fine administration of 
the grants program. The growing 
number of requests for grants indicates, 
I think, both a growth in the amount 
of scientific research which requires 
modest sums and the great service the 
Society performs in aiding as much of 
this research as it has funds for. 

Sincerely, 
THomas R. DETWYLER 


i Dex ia & 
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THE EXECUTIVE SECRETARY’S PAGE 


The final pages of this issue of 
AMERICAN SCIENTIST contain a listing of 
local chapter and club officers for 
1965-66. Every effort has been made to 
have this compilation as up-to-date and 
as accurate as possible. It is hoped 
that this directory will enable Members 
and Associate Members who wish to 
esfablish contact with the officers of a 
particular chapter or club to do so. It is 
planned to publish this listing each 
year in the September issue of AMERICAN 
SCIENTIST. 


The 66th Annual Convention of The 
Society of the Sigma Xi will meet at 
Berkeley, California, on December 29 in 
association with the Annual Meeting of 
the American Association for the Ad- 
vancement of Science. Dr. Jacob Bron- 
owski of the Salk Institute for Biological 
Studies will deliver the Phi Beta Kappa- 
Sigma Xi Address on the evening of the 
29th. The December issue of AMERICAN 
Scientist will contain the complete 
agenda of business to be presented to 
the Convention. The agenda of busi- 
ness to be presented to the Convention 
will be sent to each chapter and club 
prior to October 29 and will be published 
in the December issue of AMERICAN 
SCIENTIST. 


The conversion of National Head- 
quarters to a computerized system of 
record-keeping and communication is 
proceeding on schedule. Each chapter 
and club is, this month, being supplied 
with a detailed listing of its active mem- 
bership as of September 15, 1965, and 
with the request that National Head- 
quarters be furnished with information 
to correct errors and deficiencies. Since 
the new system is dependent upon accu- 
rate membership data, the cooperation 
of all Members and Associate Members 
is urgently requested. 


The 1964 Convention approved a 
National billing of the Society’s mem- 
bership based on an academic year— 
July 1-June 30—commencing in 1966. 
In order to facilitate the change-over to 
the new system, it is planned to bill 
the Chapter-at-Large this November for 
one and one-half years’ dues—to June 
30, 1967. The chapter and club mem- 
bership will be billed for one and one- 
half year’s dues on or about May 1, 
1966, for the period January 1, 1966 to 
June 30, 1967. Thereafter, the entire 
membership will be billed for annual 
dues on May 1 of each year starting 
in 1967.—T.T.H. 


ANNOUNCEMENT 


As Chairman of the Committee on 
Membership-at-Large, it is my pleasure 
to announce that, under the provisions of 
Article VII of the Constitution, the 
Chapter-at-Large has Promoted to full 
membership in the Society: 
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G. GORDON CONNALLY 
EDWARD FRIEDMAN 
RALPH ALEX KLAWITTER 
Henry H. KRAMER 
ALLEN I, LASKIN 
James H. Marks, Chairman 
Committee on Membership-at-Large 

































BY REQUEST: A LOW-TEMPERATURE 
OSMOMETER FOR BIOCHEMISTS 


A number of researchers have asked for a low temperature version 
of the Mechrolab High Speed Membrane Osmometer. And here it 
is. Equipped with thermoelectric cooling, the Model 503 allows 
operation down to 5°C. Overall temperature range is 5° to 65°C, 
making it a very versatile instrument indeed. 


Best news of all, aside from the fact that you're assured of the 
stability of your materials, is that the 503 requires less than 1 ml 
of sample solution. 


RAPID AND PRECISE 


The 503 delivers the same rapid and precise performance as other 
Mechrolab 500 Series instruments, now widely used ifi chemical 
and biochemical laboratories. Osmotic and oncontic pressures are 
automatically read in 3-10 minutes, thereby allowing complete 
determinations of number-average molecular weights in one hour 
or less (20,000 to 1,000,000). Price $5,550. 





Your technically-qualified Mechrolab field man has more details; or 


write us at 1062 Linda Vista Ave., Mountain View 12, Calif 
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SCIENTIFIC RESEARCH SOCIETY OF AMERICA 


As noted in the June issue of the 
AMERICAN Screntist, RESA has now 
a'branch in Costa Rica. On June 11 a 
charter was presented to a group of 
research scientists at San Jose by Dr. 
Burton W. Jones of Colorado on behalf 
of the Board of Governors of the 
Society. Doctor Jones also gave the 
principal address of the occasion on the 
subject “Block Designs and their 
Mathematical Counterparts." 

On May 19 a charter was presented 
by the National Chairman, Dr. Han- 
ford, to the group at the Picatinny 
Arsenal at Dover, New Jersey. A 
branch of the Society has been in opera- 
tion at the laboratory of the Frankford 
Arsenal since 1949. 

On April 2 a charter was presented to 
the Autoneties Branch at Anaheim, 
California, by Dean Emeritus Boelter 
of the Engineering School of the Uni- 
versity of California at Los Angeles. 
Dean Boelter was formerly a member 
of the Board of Governors of RESA. 
This installation brought the number 
of branches in California to twelve, the 
largest number in any state. New 
Jersey and New York have eleven 
branches each. 

From January 1 to June 20, 1965, 


1246 research scientists have become 
members of RESA. 

Officers and committees as of July 1. 
1965: 


Finance Committee 


D. B. Prentice, Chairman 
W. E. Hanrorp 

F. R. FAIRCHILD 

R. P. SouLe 


Budget Commüttee 
D. B. Prentice, Chairman 
W. E. HANFORD 
J. F. WEIFFENBACH 
Nominating Committee 


Lro FLEXSER, Chairman 
Dana YOUNG 
W. O. BAKER 


Procter Award Committee 
E. Hanrorp, Chairman 
L. BENEDICT 
S. TAYLOR 
D. B. PRENTICE 
W. O. BAKER 


Representative on the Lecture Committee 
Dana YOUNG 


‘We 
D. 
H. 


Representative on the AMERICAN 
Screntist Board 


J. F. WEIFFENBACH 


. BEYOND THE HORIZON OF SCIENCE* 
By LIENG-HUANG LEE 


Since the last World War, science 
has been recognized to be one of the 
important human endeavors which 
can eventually determine the destiny of 
the entire human race. Many new 
frontiers, such as nuclear physics, 
space technology, computation, genetic 
codes, and human behavior are develop- 
ing with an accelerated speed. The men 
behind these frontiers are no longer 
regarded as second-rate citizens. In fact, 
the prestige of scientists has been grow- 


* This was presented at the Seventh 
Initiation Meeting of Midland Branch 
of the Scientific Research Society of 
America, January 1965. 
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ing steadily. According to a recent re- 
port, “Occupational Prestige in the 
United States: 1925-1962," [1] issued 
by the University of Chicago, the first 
nine occupations ranked according to 
prestige as follows: supreme court 
justice, physician, nuclear physicist, 
scientist, government scientist, state 
governor, cabinet member in the federal 
government, college professor, and U.S. 
representative in Congress. 

As a result of the rising prestige of 
both science and scientists, our responsi- 
bilities multiply. Each one of us is 
supposed to play the three well-balanced 
roles as an employee, as a professional, 
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and as a human being. In fact, we 
constantly find ourselves to be some- 
where within the triangle but rarely at 
the center of the triangle. As industrial 
scientists or engineers, we are obligated 
to work toward the management goals 
where profit is of prime concern. Our 
freedom in searching the truth is un- 
doubtedly limited. Furthermore, we find 
the spirit of ivory tower gradually 
dwindles. In industry, we are honestly 
finding fewer genuine companions in 
zealous research. As a result, we gradu- 
ally lose the balance between being an 
employee and being a scientist. 

To be a professional scientist or 
engineer is getting more difficult today 
than it was in the old days. Just think 
of the information explosion! In some 
fields one would have to spend over 
a solid year of reading for the literature 
published in that year. We find that it is 
as difficult to be a specialist as to be a 
generalist. Frequently, there are new 
fields with which we are not familiar. 
Truthfully, we are unable to find time to 
keep up with many new developments. 

As was recently pointed out by Dr. 
Seaborg [2], we cannot today be science 
wizards, because we have to be human 
beings, besides being professionals. As 
human beings, we cannot neglect the 
other half of the culture: i.e., humanities. 
How well we play this role determines 
the destiny of the entire human race. 
It is not easy to answer the question: 
“How can I play the three roles with 
balance?’ or “How can I stay at the 
center of the employee-professional- 
human being triangle?" However, in 
my opinion, it may be possible to obtain 
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a solution by raising ourselves above the 
plane of the triangle. We might not get 
a solution but truly we need a proper 
perspeetive before we can reach any 
solution. 

Science, as defined by Dr. Conant [3], 
is that which emerges from other pro- 
gressive activities of man to the extent 
that new concepts arise from experi- 
ments and observations, and the new 
concepts, in turn, lead to further experi- 
ments and observations. We may then 
visualize science as constituting an 
ocean of living fruitful concepts. From 
this living ocean, we draw our power 
and resources. In return, to this ocean 
we should deposit our truthful fruits of 
labor. And to this ocean we should 
devote ourselves with passion. Truly, 
we should ask not only what science 
can do for us but also what we can do 
for science! 

Beyond the horizon of this living 
ocean, there stand the grand pillars of 
science: Galileo, Newton, Einstein, 
Pasteur, Planck, Mendeleev, Madame 
Curie, and many other immortals. By 
looking beyond, our productivity and 
creativity could be stimulated within. 
And by looking beyond, we may be 
able to extract the essence of being a 
scientist from the great saints of science. 
Shall we set forth to test this hypothe- 
sis and become an integrated man of 
science? 


REFERENCES 


1. Science, 145, 145, Aug. 21, 1964. 

2. Seaborg, Glenn T., Chem. and Eng. 
News, Dec. 21, 1964. 

3. Conant, James B., “On Understanding 
Science,’’ Oxford University Press, 1947. 


The SIGMA Xi-RESA National Lectureship Program 
1965-66 Series Fall 1965 
Lecture Schedule 


CENTRAL TOUR—FALL 1965 


“Some Evidence and Implications of 
Continental Drift" 


Dr. J. TUZO WILSON 
Director, Institute of Earth Sciences 


University of Toronto, Canada 
November 1—12, 1965 





1 University of Notre Dame Xx Chapter, Notre Dame, Indiana 
2 Mead Johnson & Company RESA Branch, Evansville, Indiana 
3 Wittenberg University Xx Club, Springfield, Ohio 
4 

5 


NOV. 


Ohio State University X= Chapter, Columbus 
Ohio Wesleyan University Ex Club, Delaware 
Aa GE. 
8 Denison University Xx Club, Granville, Ohio 
9 Kent State University XZ Club, Kent, Ohio 
10 Oberlin College Xx Chapter, Oberlin, Ohio 
11 *Ford Motor Company RESA Branch, Dearborn, Michigan 
Wayne State University Xz Chapter, Detroit, Michigan 
12 Albion College Ex Club, Albion, Michigan 


* Host for joint meeting. 


METROPOLITAN NEW JERSEY 
NEW YORK TOUR—FALL 1965 


“The Life History of a Cepheid Variable" 


. 
DR. CECILIA PAYNE-GAPOSCHKIN 
Professor of Astronomy 


Harvard College Observatory 
Cambridge, Massachusetts 
November 8-18, 1965 





9 Hofstra University Xx Club, Hempstead, Long Island, New York 

10 U.S. Naval Applied Science Laboratory RESA Branch, Naval Base, 
Brooklyn, New York 

11 The Rockefeller Institute XE Chapter, New York, New York 

12 State University of New York at Stony Brook == Club 


* * * 


15 State University of New York at Buffalo Zx Chapter 

16 Cornell University (New York State Agricultural Station) >= Chapter, 
Geneva, New York 

17  Texaco Research Center RESA Branch, Beacon, New York 

18  Ainerican Smelting & Refining Co. RESA Branch, South Plainfield, New Jersey 
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4 
5 
6 
7 
8 


MID-ATLANTIC TOUR—FALL 1965 


“The Primate Affectional Systems" 


DR. HARRY F. HARLOW 


George Cary Comstock Research Professor at the University 
of Wisconsin and Director of the Primate Laboratory and 
the Wisconsin Regional Primate Center 


The University of Wisconsin, Madison, Wisconsin 
October 18—29, 1965 


Carnegie Institute of Technology Xz Chapter, Pittsburgh, Pennsylvania 
The Pennsylvania State University Xz Chapter, University Park 
Franklin and Marshall College Xx Club, Lancaster, Pennsylvania 
Lehigh University Xx Chapter, Bethlehem, Pennsylvania 
Villanova University == Club, Villanova, Pennsylvania 
+ X se 

*George Washington University X= Chapter, Washington, D. C. 
Catholic University Xx Chapter, Washington, D. C. 

Howard University X= Chapter, Washington, D. C. 

Medical College of Virginia Ex Chapter, Richmond 

Lynchburg 2= Club, Lynchburg, Virginia 

Hollins College Xx Club, Hollins College, Virginia 

Virginia Polytechnic Institute Xz Chapter, Blacksburg 


* Host for joint meeting. 


MID-WEST TOUR—FALL 1965 


“Oxidation-Reduction Polymers, Genesis of a 
Research Program" 


DR. HAROLD G. CASSIDY 
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Colorado School of Mines Zz Chapter, Golden 
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ETHICAL PROBLEMS OF SCIENTISTS 


By LAWRENCE CRANBERG 


The relationship of ethics to science 
has long been discussed as a theoretical 
problem by a few specialists. In recent 
years ethical problems associated with 
activity in science have acquired for 
many scientists a major importance on 
the practical level, often without having 
been tagged explicitly as “ethical,” 
or, in many cases, without having been 
brought above the threshold of aware- 
ness as problems worthy of serious at- 
tention. Ten such problems are identi- 
fied below. 

1. The “selling” of research and de- 
velopment proposals whose fate may 
strongly affect the scientist’s career, or 
even the economy of a whole section of 
the country, must be reconciled with 
the traditional responsibility of the 
scientist to evaluate the defects as 
well as the virtues of his hypotheses, and 
with recognition of the need for a 
balanced development of science within 
its different branches and in relation to 
the other demands on the resources of 
society. 

2. Increased intensity of scientific 
work creates a setting of personal com- 
petitiveness and temptations of self- 
aggrandizement which must be recon- 
ciled with traditions of courtesy, of 
open communications, of full opportuni- 
ties for expression of dissident views, and 
of accurate and adequate acknowledg- 
ment of the contributions of others. 

3. Demand for rapid marketing under 
competitive conditions of an increasingly 
wide range of technically novel ma- 
terials and devices must be reconciled 
with maintainance of standards of 
workmanship and care in determination 
of the consequences of rapid introduc- 
tion into general use of those materials 
and devices. 

4. The increasing specialization of 
science and the demands for highly 
visible research productivity in highly 
specialized areas, must be reconciled 
with the aspiration of science to infuse 
a spirit of reason into all the affairs of 
men, and with the obligation to secure a 


competently trained, properly motivated 
citizenry, and scientific posterity. 

5. Increasing managerial and ad- 
ministrative power in the hands of 
scientists unfamiliar with the uses ôf 
such power creates opportunities and 
temptations for arbitrary wielding of 
authority which must be reconciled 
with traditional emphases on appeal to 
reason and on courtesy among col- 
leagues. 

6. Inereasing attention and respect 
accorded the advice of scientists on a 
wide range of policy questions generate 
temptations of self-assertion which must 
be reconciled with the traditional obli- 
gation to furnish evidence and carefully 
weighed limits of error with every 
prediction. 

7. The advent of expensive large- 
scale research activity imposes obliga- 
tions for economical use of large 
resources which must be reconciled 
with the demands of flexibility and 
freedom which are intrinsic to research. 

8. The increasing importance of group 
effort in science, which carries with it an 
obligation for coordination and appreci- 
ation of contributions at many levels of 
skill, must be reconciled with the con- 
tinuing importance of distinctive con- 
tributions by highly talented and moti- 
vated individuals. 

9. The increasing importance of 
science is reflected in the assumption of 
new roles of social and scientific im- 
portance by the professional organiza- 
tions of scientists. The effectiveness of 
these organizations in their new roles is 
a responsibility of the many, which must 
be reconciled with a long-standing 
tendency in the scientific community to 
delegate authority heavily to a few, 
with a minimum of surveillance or 
interest on the part of the many. 

10. The continuing tension of inter- 
national relations requires that scientists 
reconcile the demands of national se- 
curity and prestige with the openness of 
communications required for scientific 
progress, and with recognition that the 
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essential function of science is to serve 
as a mechanism of adaptation to the re- 
quirements of survival of the human 
species. 

These are some of the problems of 
decision, frequently novel in difficulty if 
not in kind, which many scientists face 
today. Relating as they do to choices 
which involve the balancing of short- 
«ange personal advantage against social 
interests, or national against interna- 
tional interests, they are conventionally 
designated ''ethical" when there is no 
question of violation of law. Aspects of 
these problems are sometimes charac- 
terized as “conflicts of interest.” 

A common element in many of the 
areas of decision identified above is the 
inherently low visibility of the situations 
in which the decisions are often taken, 
and the absence of a consensus with 
respect to the norms which should 
govern the decision-making process. 
Prompt and full exposure to public 
scrutiny via publication, which is one of 
the most effective devices in science, as 
elsewhere, for inducing the correction of 
error, is often precluded. It seems pru- 
dent, therefore, to examine the need for 
clarification of norms and for means 
of detecting and dealing with "error" 
in these frequently novel, low-visibility 
situations. Interests of scientists, sci- 
entist-educators, professional associa- 
tions of scientists, and of society as a 
whole are vitally involved. 

Problems having similar ethical and, 
sometimes, similar substantive content 
have long been encountered by mem- 
bers of other occupational groups—for 
example, lawyers and engineers. After 
study and trial—and often under public 
pressure—these, and many other occu- 
pational groups, have adopted special 
administrative and educational devices 
to observe and improve ethical per- 


LETTERS TO 


GENTLEMEN: 

In his article on cyclic population var- 
iations of lemmings, Clough [1] cites evi- 
dence for a population periodicity of 
3-4 years, and he recounts his own 
observations of the spectacular changes 
in lemming population densities. Clough 
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formance in their occupational domains. 
Despite the widespread occurrence of 
these devices, little is known about 
their effectiveness, about how they may 
be improved, or about their relevance 
to the needs of scientists. Scientists now 
have a personal interest in encouraging 
research in these areas of ignorance; 
they offer direct challenge to students of 
behavioral science—in particular to 
the disciplines of rationalized decision- 
making, conflict resolution, and de- 
scriptive sociology, and are clearly of 
interest to scientists generally. 

Concern with ethical problems can it- 
self produce ethical problems. Among 
these is the possibility of infringing on 
the privileges of privacy. Another is a 
temptation toward overemphasis on the 
ethical aspects of intrinsically complex 
questions whereby ethical argumenta- 
tion becomes a means of question-beg- 
ging, oversimplification, or intimidation. 
These possibilities illustrate the need 
for great care and alert self-criticism if 
ethical problems are to be studied and 
dealt with in a competent manner. 

Many of the ethical problems of sci- 
entists clearly parallel those of other 
occupational groups. When scientists 
examine ethical problems with their own 
investigatory tools, however, those 
problems become part of the unfinished 
business of science itself. The nature of 
the relationship between science and 
ethics has long been a subject of specu- 
lation and controversy. Systematic 
empirical study of operating systems of 
ethical self-regulation may contribute 
to the clarification of this relationship. 
Such study should furnish a basis for 
evaluating and possibly extending and 
improving those systems. 


Reprinted from Physics Today, 18, No. 
4, pp. 51-52 (1965), with permission. 


THE EDITORS 


then recalls three types of theoretical 
models capable of accounting for the 
population periodicity; external en- 
vironmental cycles, “feedback” in the 
interaction with the environment, and 
internal self-regulatory mechanisms. 
We would like to point out that Cole 
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and Kac} have proposed a fourth al- 
ternative; that the 3-4 year cycles are 
purely subjective artifacts of the ob- 
servation technique, that no periodic 
regulation or feedback control is active, 
and that the population is a purely 
random phenomenon. This stochastic 
model was extensively discussed in a 
Symposium on Cycles in Animal Popu- 
fations.[3] Consider a discrete sequence 
of random numbers which, in the present 
problem, is presumed to correspond to 
the annual population of the lemmings. 
Each number may assume a continuous 
range of values, according to some arbi- 
trary probability distribution. Suppose 
the numbers are plotted as ordinates, 
at unit intervals along the axis of 
abscissae, and joined by a simple smooth 
curve. It is easily seen that if one de- 
termines the periodicity (a) by counting 
maxima, the period will be 3 years, or 
(b) by counting nodes, the period will 
be 4 years. 

(a) Any given point will be a local 
maximum if it exceeds in value the two 
points flanking it. But since any of the 
three points may be the greatest (with 
equal probability) the probability of 
the given (central) point being a maxi- 
mum is one-third. Thus one third of all 
points are local maxima and the mean 
distance between local maxima is 3 
units. (b) First diminish each number by 
the mean in the distribution. Then a 
pair of successive points may have any 
of theefour combinations of signs, with 
equal probability: (+ +), (— —), 
(— +), (+ —). The last two of these 
correspond to nodes. Hence the prob- 
ability of a node of positive slope (— +) 
is one fourth. Therefore the mean dis- 
tance between nodes of positive slope 
is 4 units. 

As Cole points out, the argument 
does not imply that fluctuations in ani- 
mal population are not causal but only 
that the influences are so complex that 
they combine to produce a purely ran- 
dom variation which subjectively ap- 
pears to be cyclic. This apparent 
periodicity is not restricted to zoological 
problems. In fact our interest in this 
matter arose from a study [4] of the mag- 
netization variation in thin films used 
as computer memory devices. 
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Philadelphia, Penna. 


Po t 


Dear Drs. Doyle and Callen: 


I thank you for the chance to com- 
ment on a widespread misunderstand- 
ing. I used the term cycle to describe 
some regular, but not rigid, periodicity 
in the fluctuations of animal numbers. 
By this usage a series of populations 
either is or is not cyclic. In itself, such 
a description does not carry with it any 
explanation of the mechanisms or the 
causation of the changes in numbers. 
Most ecologists accept the lemming 
records as 3- to 4-year cycles and the 
arctic hare, lynx, and arctic fox records 
as ten-year cycles. 

In 1949 P. Palmgren in Finland, and 
later Cole, pointed out that a series of 
random numbers generates a cycle which 
resembles that formed by northern 
small mammal populations. They then 
hypothesized that the causes of the 
population fluctuations vary in a ran- 
dom manner, but they did not examine 
the causes any further. In my paper in 
the June issue of AMERICAN SCIENTIST 
I listed efforts to explain the mecha- 
nisms involved in the observed cyclic 
fluctuations of small mammals. For 
convenience I arranged these into three 
groups. I do not think that Cole’s ideas 
form a fourth group because he did not 
attempt to answer the question of 
mechanism or causation of the cycles he 
discussed. 

In respect to the random model which 
you use, I offer these comments. Often 
lemming density has been recorded as 
either large or small, or as high, medium, 
or low. L. B. Slobodkin, in his book 
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“Growth and Regulation of Animal 
Numbers” (1964, Holt, Rinehart and 
Winston) shows that, in the first case, 
theoretically only one out of the eight 
possible three-year sequences is a maxi- 
mum, i.e., small, large, small. This has a 
lé probability of occurrence and thus, 
the “mean cycle length in a population 
of this sort is eight years." Similarly, in 
the case of three recognizable levels of 
abundance, Slobodkin continues, there 
are five out of 27 possible three-year 
sequences which represent maxima, and 
the mean cycle length will be 27/5 or 
5.4 years. As the range of levels expands 
to 100 the mean cycle length essentially 
reaches three. This corresponds to the 
case presented by you. Refinement of 
census techniques for almost all wild 
populations is far from this point. Sig- 
nificant population variables for dis- 
cussing rates of change also include 
differential age structure and physi- 
ological condition. 

In a random series one number does 
not exert any influence on its neighbors. 
In animal populations there is direct 
biologieal continuity from one sampling 
period to the next. The influence of the 
present population on the future popula- 
tion will be increased in accord with the 
degree of density-dependency or in- 
trinsie control, but it will always be 
present to some extent. This was taken 
into account by Cole and Kac, in the 
reference you cite, by application of 
different degrees of smoothing to two- 
point moving averages. 

The problems are: what are the 
mechanisms of the fluctuations or what 
are the relative roles of the various 
faetors which influence population num- 
bers? Are certain mechanisms primarily 
checks on dangerous overabundance or 
are they basic causes of the cycles? The 
responsible factors certainly may be 
complex, as Cole has suggested and as I 
emphasized. They may vary from 
species to species, from time to time 
they may combine mechanisms of all 
three groups of hypotheses. But com- 
plexity of cause does not necessarily 
follow from the resemblance to a random 
series, which may be coincidental. 

We are able to predict on the basis of 
past records that the lemming popula- 
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tions of central Norway will be high in 
1966 or 1967. We still do not know why. 
The hypotheses which I listed all at- 
tempted to answer that question, how- 
ever unsuccessful some of them were 
and unproven others are. The state- 
ment that “the population is a purely 
random phenomenon" provides no basis 
for further investigation. 
Sincerely, 

GARRETT C. CLOUGH 

Assistant Professor 

Department of Zoology 

University of Rhode Island 

Kingston, Rhode Island 


The assertion by Clough in his letter 
that population readings on a two-value 
(large, small; or +, —) scale lead to a 
mean cycle length of eight years is in 
error, In fact, it is easy to see that in this 
case for every “node of positive slope” 
(as defined in our letter) there is pre- 
cisely one maximum. Consequently, the 
mean distance between maxima must be 
four units. The erroneous value of eight 
arises from ignoring maxima with flat 
tops, e.g., large, large, small. Further- 
more, any other scale (such as the three- 
value high-medium-low scale) is inter- 
mediate between the two-value scale and 
the infinite-value (continuous) scale, 
and therefore gives a cycle length be- 
tween three and four units. 

W. D. Doris 
H. B. CALLEN 


Dear Sirs: 


I should like to comment on the 
report by the AAAS Committee on 
Science published in the June 1965 
issue of the AMERICAN ScrgNTIST under 
the title, “The Integrity of Science." 

1. I would have assumed that “in- 
tegrity” cannot be possessed by the 
subject matter, Science, but must be 
possessed by the scientists personally. 
As more and more scientists are ap- 
pointed to administrative and policy- 
making positions, the demands on their 
persons are increased, and confliets may 
indeed arise between their integrity as 
scientists (duty to science) and the de- 
mands, real or assumed, of their posi- 
tions. Examples could be cited where, 
e.g., under the stress of war, "scientific" 
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reports were produced under instruc- 
tions that conflicted with integrity as 
scientists. This, of course, is a very 
serious matter. 

2. I believe that Section III of the 
AAAS report is in part misleading and 
is unfair to the NASA scientific staff. 
As Chief Scientific Investigator on the 
Ranger project, I have had the oppor- 
tunity to participate in numerous 
NASA meetings, both at headquarters 
and at various field centers. The several 
scientific programs, Ranger, Surveyor, 
Orbiter, were projected in a sequence of 
increasing technological complexity, 
with the scientific objectives always 
clearly defined. Once the governmental 
decision was made, in 1961, to proceed 
with Project Apollo, it was natural that 
its tremendous requirements would be 
considered as the details of the scientific 
missions were periodically reviewed. I 
want to state categorically, however, 
that the scientific objectives of Ranger 
were never compromised by the tech- 
nological requirements of Project Apollo; 
quite the contrary, the Associate 
Administrator in charge, Dr. Newell, 
specifically instructed the scientists to 
let scientific merit be the sole criterion 
in the selection of the Ranger VII, 
VIII, and IX target sites. Quite natur- 
ally, the representatives of the Apollo 
program were given the opportunity to 
present their interests; but the decisions 
were made on the basis of scientific 
promise only, in accordance with Dr. 
Newell’s instructions. It is regrettable 
that so many scientists have ignored the 
obvious warning contained in Dr. 
Jerome Weisner’s statement quoted on 
page 182, reference 21. Obviously, once 
a decision has been made of the magni- 
tude of Project Apollo, an enormous 
program of preparation, mostly tech- 
nological, is required that cannot always 
wait at every step for the desired 
scientific background information; 
though in fact it is likely that much of 
the essential engineering data will be 
available in time from the lunar scien- 
tific programs referred to. 

The conclusion on page 184, central 
paragraph, “...sacrifice the advan- 
tages of free development of basic 
scientific research ..." is therefore un- 
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warranted and unjust. Equally unfair is 
the sentence later on this page, “If the 
scientific community is subjected to 
pressure or blandishments..." which 
follows & quotation from Dr. Newell. 
The NASA statement is merely an 
obvious statement of fact; the over-all 
program is too massive to be halted for 
lack of any one item of specific detail. 
3. In reflecting on current threats to 

the integrity of scientists, it seems to 
me that one is not so much concerned 
with occasional errors in judgment by 
scientists in policy-making positions 
(though such errors are of course re- 
grettable); because such errors usually 
lead to clearer definitions of the issues 
involved and thus ultimately strengthen 
the integrity. Also, university scientists 
cannot fail to be impressed by the high 
Standards of integrity of many scientists 
in government service. Rather, the 
competition for grants and contracts, 
both within universities and in industry, 
has led to some practices that involve 
the integrity of the scientist much more 
directly. The absence of literature on 
this subject is no measure of its impor- 
tance. Who does not know about bright 
young Ph.D.’s who forego university 
careers to become professional project 
writers; or about ambitious men driving 
scientific ideas beyond their point of 
usefulness in building research organiza- 
tions NASA is probably as much a 
victim of this growth as any organiza- 
tion, due to the loosely-defined bound- 
aries of Space Science, its wide appeal, 
and the sheer impossibility to review 
competently and in detail the torrent of 
incoming proposals. If integrity of the 
Scientist is called for, would this not be 
an area of concern? Or might not the 
scientist take a critical look at his own 
subject and ponder how it may develop 
during the remaining part of this 
century? He might then conclude that 
the opportunities for science stimulated 
by the political pressures of this period 
are challenging and often extremely 
potent, and deserve more than negative 
criticism. 

GERARD P. KUIER 

Lunar & Planetary Laboratory 

The University of Arizona 

Tucson, Arizona 85721 


Dear Sirs: 

The very significant AAAS report on 
the integrity of science, reproduced in 
AMERICAN SCIENTIST, 58, 174, 1965, has 
prompted me to submit for publication 
in your letter columns the following 
thoughts with which I have been 
plagued for some time: 

The question, barely touched upon 
and in passing only in the last para- 
graphs of the above report, is the crucial 
one of the integrity of the scientist. 
In this respect I wish to register strong 
disagreement with the point of view of 
its authors. To stress the importance of 
the integrity of a system quite apart 
from that of the human scientists who 
created it, is I think, misleading. There 
is the tacit assumption (inherent also 
in the very language of the report) 
among scientists and perhaps non- 
Scientists, that the individual who 
chooses science as his life's occupation is 
bound by certain standards of personal 
integrity dietated by the history of 
Science, standards which are akin to 
the vows of the medieval knight. 

In the “good old times" when the 
devotees of the scientific method were a 
very small minority whose pursuits and 
produet had minor social impact, those 
who "broke their vows" were quickly 
discovered and ostracized by their 
colleagues—and if not, not much harm 
done! Obviously the situation today 
is radically different as made very clear 
by the AAAS report. There is no doubs 
at all that today an irresponsible and 
ambitious scientist, through  prope- 
“salesmanship” and other socially ac- 
ceptable devices, can very well—and 
does—have his ideas accepted and 
implemented, over and above those of a 
more responsible and equally compe- 
tent (but self-effacing) colleague. There 
is no need to elaborate on the conse- 
quences. (See for example “Ethical 
problems of scientists—a summary” by 
Lawrence Cranberg in Physics Today, 
18, No. 4, p. 51, 1965, reprinted in this 
issue p. 302A.) 

There is, in my opinion, a striking 
parallel between genuine science versus 
big, organized science (the new religior) 
on the one hand and the genuine religion 
of the Christian proto-fathers versus 


that of the organized big church that 
emerged when the new faith engendered 
vast social impact. I shall not dwell on 
the parallel but merely direct the reader 
to some of the acute insights of Brooks 
Adams in his admirable The Law of 
Civilization and Decay. Omitting several 
links in an obvious chain of thinking, 
one can make the following aphorism: 
Ambition for power and the pursuit of 
vested interest will tend to replace scien- 
tific objectivity and dedication to truth as 
the driving force behind the efforts of the 
individual scientist. Pushing the parallel 
to the extreme, unless the present trends 
are somehow corrected and reversed, 
the following steps in the self-destruc- 
tion of science as a system through fail- 
ures in the moral fiber of its human 
practitioners, may be postulated: 


1. Certain fraudulent "scientific" 
notions gain ascendency by dint of 
proper promotion on the part of other- 
wise "recognized and established" indi- 
vidual seientists or groups. The govern- 
ment implements these notions with all 
but disastrous consequences for the 
nation and perhaps humanity. 

2. The government, with the advice 
and consent of the reigning scientific 
establishment, institutes a supreme scien- 
tific-judicial -body—a kind of Scientific 
Inquisition—to pass judgment on the 
legitimacy (I almost said orthodoxy) of 
proposed scientific schemes, in order to 
protect itself against the recurrence of 
similar disasters. The Scientific Inquisi- 
tors, protected in their independence by 
life appointments or other devices, be- 
come the official arbiters of scientific 
dogma and their judgments are not 
subject to appeal. 

3. All genuine and free scidit: in- 
quiry ceases to exist. The scientific 
system becomes & hollow form, devoid 
of substance or meaning. 

Hoping that the above is only a night- 
mare contrived by one pessimistic 
scientist, 


D. DEIRMENDIIAN 
Physical Scientist 
The RAND Corporation 
Santa Monica, California 90406 . 
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Dear Sir: 


The problems of integrity described 
in the AAAS Committee Report are, in 
my opinion, problems of technology not 
of science. Scientists cannot maintain 
their scientific integrity if they expect to 
act also as technologists. Science is the 
discovery and organization of the prop- 
ertjes of the physical world and is not 
the development of jam-proof military 
communications systems or even atomic 
explosives. Technologists can have in- 
tegrity too, but the same people cannot 
simultaneously meet the standards of 
science and technology. The reason is 
that the purposes of technologists and 
scientists are different and, in many 
cases, mutually exclusive. Defense tech- 
nologists must win wars. Secrecy is one 
of their tools. Chemical technologists 
must sell chemicals. Keeping them out 
of the water supply is not a problem 
until it is shown to exist, which it now 
does and is now being solved. 

The idea that technological applica- 
tion of science should proceed only after 
“the orderly acquisition of the related 
basic knowledge” is a misunderstanding 
common to scientists but far from the 
true facts of life. Technological develop- 
ments start with an idea which may or 
may not be based on a known scientific 
principle. They are typically carried off 
by an enthusiast who believes in his idea, 
often in spite of the fact that it can be 
demonstrated by detailed analysis that 
it will not work, and who, through hard 
work, luck, and the help of others, over- 
comes the barely surmountable difficul- 
ties that at the start he never expected to 
appear. 

Wiuu1am M. BnosECK 


The AAAS committee replies to these 
letters thus: 

The whole point of the "Integrity of 
Science” report was that we cannot 
separate technology from scientific prin- 
ciples. Large seale technologieal enter- 
prises are, in fact, experiments with the 
whole of our environment. When “de- 
fense technologists" and "enthusiasts" 
ignore this, as in' the testing of nuclear 
weapons, there are unforeseen effects 
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whose gravity cannot be estimated even 
years after the fact. 

Scientists and technologists are, of 
course, very often people with different 
trainings and different jobs. There is no 
need for the same people to “simultane- 
ously meet the standards of science and 
technology.” The very power of scien- 
tific methods is in the fact that they do 
not depend on the virtues or capabilities 
of particular individuals. The principle 
of free and open debate within the scien- 
tific community is the self-correcting 
mechanism by which science approaches 
the truth. Brobeck is quite right in 
pointing out that there is a conflict 
between this principle and the idea that 
“secrecy is one of (the) tools of defense 
technology." In deciding whether it is 
the principles of science, or the opera- 
tions of technology, which need revision, 
we must bear in mind the very consider- 
able dangers of weakening the capability 
of science to predict the consequences of 
our actions, to serve society in the search 
for knowledge, and to yield results use- 
ful to technology. 

That there is no conflict, at present, 
between traditional scientific procedures 
in the Ranger program and the ad- 
mittedly nonscientific goal of getting a 
man to the moon by 1970 is, however, 
immaterial to the general argument of 
this Committee’s report. Dr. Kuiper 
says, with reference to Apollo, “the 
overall program is too massive to be 
halted for lack of any one item of specific 
detail." On this basis we believe that he 
would agree that should a conflict arise 
between the scientific content of a par- 
ticular Ranger shot and the overall goal 
of Apollo, the latter will prevail, and in 
the context of Kuipers argument 
should prevail, for the Apollo program 
tis too massive to be halted,” by scien- 
tific considerations. 

The danger here, of course, is that in 
a program of the size of Apollo, an in- 
creasing proportion of scientific research, 
and scientific manpower, will be 
harnessed to tasks determined by a 
political mission, rather than traditional 
scientific considerations. Dr. Wiesner’s 
reminder that there are serious social, 
political, and military justifications for 
proceeding with such a program should 
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certainly be borne in mind as Kuiper 
suggests; we wish only to point out that 
there is another face to the coin. There 
are grave consequences for science and 
society in the erosion of the integrity of 
science. These too must be borne in mind. 

Concerning Dr. Kuiper’s comments 
on the personal integrity of scientists, 
we can only say that this subject was 
outside the scope of the Committee’s 


report. The use of the term “integrity”: 


was quite clearly defined: “We shall 
refer to these processes and to the orga- 
nization of science on which they depend 
as the integrity of science.” It is far from 
unusual to use the word integrity with 
reference to “subject matter.” The word 
denotes wholeness and completeness in 
such a context. 

AAAS Committee on Science in 

" the Promotion of Human Welfare 


GENTLEMEN: 
Isn't.Mr. C. E. Pepper’s most read- 
able note (June 1965) entitled “A new 
way to teach science in secondary 
schools” a new ghost of "progressive edu- 
cation” returned to haunt us? A sort of 
do-it-yourself science? To use an analogy, 
if I, for one, wanted & champion race 
horse that might bring a fine "return" 
‘or even a: child who might:become a 
champion in some beneficial activity) I 
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wouldn’t lead the horse to a race track 
turn him loose, and then let him decide 
what is excellent racing; on the con- 
trary, I would find the best task-master 
available for the job—for miseducation 
is most likely more dangerous to every- 
body concerned than no education. It 
seems to me that researchers can make, 
eventually, re-evaluations of all estab- 
lished norms only if they have learned 
the established paradigms first. This is 
effectively realized, I believe, by strong 
interaction processes between students 
and teachers. To use another analogy, 
with strong interactions, “parity” be- 
tween teachers and students is conserved, 
but with weak interactions “parity” is 
not conserved, in general. On the other 
hand, it seems that the strength of in- 
teraction and the period of interaction 
are inversely related. 

Finally, his trinity “Time, Space, 
and Matter” seems, to me, to be a 
strange particle to absorb, by itself, 
since it involves primarily empirical 
subjects without any emphasis on logical 
organization of those results. Mightn’t 
“Time, Space, Matter, and Number” or 
some related combination be even more 
appropriate? 


A. A, MULLIN 

Lawrence Radiation Laboratory 
University of California 
Livermore, California 
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Project engineer Les Pownall checks out the optical input channel of a new pattern 
recognition computer designed and nearing completion at Cornell Aeronautical Lab- 
oratory. Soon this computer will hasten solutions to problems which range from 
automatic target recognition to the reading of alpha-numeric characters. 


The Laboratory has been building its analytical and experimental pattern recogni- 
tion capabilities for nearly a decade. From the first perceptron concept through several 
research programs in automatic photo sorting, information processing systems for 
command and control, and automatic classification of radar returns, CAL has pioneered 
in extending the art of recognizing temporal and spatial patterns. 


These efforts in the computer sciences as well as similar areas of research at CAL 
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computer, along with an associated device — a high resolution flying spot scanner for 
scanning and digitizing patterns — came into being by just such means. 
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of such fields as flight research, avionics, aerospace vehicle research, low-speed aero- 
dynamics, hypersonics, applied physics, operations research, applied mechanics, 
transportation and systems research. 
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BOOKS RECEIVED FOR REVIEW 


TO THE MEMBERSHIP: Our readers are reminded that this section of their journal is intended 
to be an information service listing first editions of the most important new scientific 
hardbound and paperbound books received for reuiew in our Princeton Editorial Offices. 

Titles are for 1966 publication unless otherwise noted. 
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by R. FREEDMAN; 274 pages; $5. 


From Allyn & Bacon: 
Direct Energy Conversion by S. W. 
ANGRIST; 431 pages; $11.95. 


WHAT IS A 
SCIEN'TIST? 


“He watches things. 
reads. 
finds out how things work and 
how they can be made better. 
wonders. 
experiments. 
finds out what is true. 
sees that wonderful things 
do indeed happen,"* 
We seek inquiries from scientists and engineers, with knowledge and 


experience in Optics and Photo-Optical Systems development. Immediate 
opportunity exists for the following: 


OPTICS 


LENS SYSTEMS DESIGN M PHOTO-OPTICAL INSTRUMEN- 
TATION E FABRICATION DEVELOPMENT lil ASTRONOMICAL 
SYSTEMS @ OPTICAL SUB-SYSTEMS TESTING lil PROJECT- 
LEVEL HIGH PRECISION OPTICS AND ELECTRO-OPTICS 
E PHOTOGRAPHIC RESEARCH W 


PHYSICS 


METROLOGY W PHYSICAL OPTICS E SOLID STATE PHOTO- 
MATERIALS RESEARCH NW 


CHEMISTRY 


COATINGS MN PHYSICAL CHEMISTRY E PHOTOGRAPHIC 
CHEMISTRY H ORGANIC PHOTOCONDUCTORS BÍ MATERIALS 
RESEARCH BM ANALYTIC CHEMISTRY B 


Mr. Richard Finnegan 
Professional Staffing 


Itek Corporation Itek 


10 MAGUIRE ROAD, DEPT. AS-1 
LEXINGTON 73, MASSACHUSETTS ; 


An Equal Opportunity Employer 


*!!| Want to be a Scientist”, Carla Greene, Children's Press, Chicago 
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From American Elsevier Publishing Co. : 


Progress in Radio Science, 1960-1963, 
Vol. 8: Space Radio Science, edited 
by K-I MazpaA & S. Stver; 235 

ages; $13.50. 14th General Assembly, 
RSI, Tokyo, Sept., 1963. 

Probability & Statistics by H. FREUDEN- 
THAL; 199 pages; $5. 

Biological Rhythm Research by A. Sor- 
BERGER; 461 pages; $25. 

Structure & Function of the Epiphysis 

* Cerebri, edited by J. A. KAPPERS & 
J. P. Scnaps; 694 pages; $37.50; 
Vol. 10 Progress in Brain Research. 

Comparative Inorganic Chemisiry by 
B. J. Moopy; 430 pages; $6.50. 

The Ionosphere, edited by G. M. Brown; 
196 pages; $13; Vol. IIL, Progress in 
Radio Science 1960-1963. Tokyo 
meeting, September 1963. 

Introduction to Paleoecology by R. F. 
Hucxer; 166 pages; $7.50. 

Principles of Astronautics by M. Ver- 
TREGT; 2nd rev. edn.; 339 pages; $9. 
The Assessment of Scientific Speculation 

by R. A. R. TRICKER; 200; $6. 

Pros in Radio Science 1960-1968, 

ol. VII: Radioelectronics, edited by 
R. E. Bunaxss; 168 pages; $11. 
Proceedings of 14th Assembly, Tokyo. 


From Barnes & Noble: 


The African Husbandman by W. ALLAN; 
. GrzuckMaN, General Editor; 505 
pages; $12.50. 
From Basic Books: 
Michael Faraday, A. Biography by L. P. 
WiLLiAMS; 531 pages; $12.50. 
The Scientific Community by W. O. 
Haesrrom; 304 pages; $5.50. 


From W. A. Benjamin, Inc.: 


Elements of Inorganic Chemistry by R. 
A. PLANE & R. E. Hester; 188 pages; 


$8. 

Introduction to Stereochemistry by K. 
Mistow; 193 pages; cloth $8.50; 
paper $3.95. 


Blaisdell Publishing Co.—see Ginn & Co. 


From Consultants Bureau Enterprises, 
Inc. ; including Plenum Press: 

Acute Problems in Resuscitation & 
Hypothermia, edited by V. A. Ne- 
GOVSKII; 91 pages; $15 paper. Pro- 
ceedings of September 1964 Sym- 
posium. 

Electrospark Machining of Metals, Vol. 3, 
edited by B. A. Knasvux; 176 pages; 
$22.50 paper. : 

Interpretation of NMR Spectra, An Em- 
pirical Approach by R. H. BIBLE, Jg.; 
150 pages; $12.50. 

Nodes & Weights of Quadrature Formu- 
las, 16-Place Tables by A. S. KRON- 
nop; 148 pages; $12.50. 

Soviet Advances in Nuclear Geophysics, 
edited by F. A. ALEKSEEV; 189 pages; 
$27.50 paper, 
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Electronics Dictionary (German - Eng- 

lish, English - German) by C. J. 
Hyman; 182 pages; $14. 

Soviet Research in New Semiconductor 
Materials, edited by D. N. Nasuepov 
& N. A. GonxuNova; 121 pages; no 
price given; paper. 

The General Theory of Sorption Dynamics 
& Chromatography by V. V. Racuin- 
SKII; 90 pages; no price given; paper. 

High-Temperature Compounds of Rare 
Earth Metals with Nonmetals by G. V. 
Samsonov; 280 pages; $17.50. 

Materials Science Research, Vol. 2, 
edited by H. W. Orre & S. R. Lock; 
319 pages; $13.50. 

Research in Molecular Spectroscopy, 
edited by D. V. Sxopet’rsyn; 205 
pages; paper; no price given. Vol. 27. 

From Thomas Y. Crowell, Co.: 

Mathematical Entertainments, A Col- 
lection of Illuminating Puzzles, New 
& Old by M. H. GREENBLATT; 160 
pages; $4.95. 

From Doubleday & Co.: 


Hegel (Reinterpretation, Texts & Com- 
mentary) by W. KAUFMANN; 499 
pages; $6.95. 

Psychoanalysis & Social Research (The 
Psychoanalytic Study of the Non- 
Patient) by H. HzNpniN, et al.; 106 
pages; $2.05. 

The Free Press of Glencoe—see The 
Macmillan Co. 

From Ginn & Co. (Blaisdell Publishing 
Co. unless otherwise noted): 

Theoretical & Mathematical Biology, 
edited by H. J. Morowrrz & T. H. 
WATERMAN; 426 pages; no price given. 

Molecular Physics in Photosynthesis by 
R. K. CLAYTON; 205 pages; no price 
given. 

Elementary Contemporary Algebra by 
M. M. Onwzm, et al; 238 pages; 
$6.50. - 

Space Propulsion by D. L. Torcorrs; 
140 pages; $2.75 paper. 

Projective Geometry by O. VEBLEN & 
J. Youna; Vol. 1; 345 pages; 
$2.25 paper; Vol. 2; 511 pages; $3 
paper. 

Protozoan Nutrition by R. P. HALL; 
90 pages; $3.50. 

A Ist Course in Partial Differential 
Equations with Complex Variables & 
Transform Methods by H. F. WEIN- 
BERGER; 446 pages; $12.50. 

From Gordon & Breach: 

The Riemann Hypothesis & Hilbert’s 
10th Problem by S. CHowra; 119 
pages; $6.50. Vol. 4 in Mathematics & 
Its Applications. 

Solid Organoalkali Metal Reagents (A 
New Chemical Theory for Ionic 
Aggregates) by A. A. Morton; 248 
pages; $14.50 reference edition; $7.50 
professional edition, 1964. 


The Atomic Nucleus by M. KoRsUNSKY; 
454 pages; $12.50. 

Irreducible Representation of the Space 
oe by O. V. Kovatev; 160 pages: 


Engineering Physical Metallurgy by Y. 
LakHTIN, translated from  Russiar 
by N. WEINSTEIN; 485 pages; $14.50 

Theory of Random Functions by A 
Brawc-LarrgRRE & R. Forrer, trans- 
lated by J. Gant; 432 pages; prof 
edition $14.50; ref. edition $22.50. 

Organic Chemistry by B. Pavuov & A. 
TERENTYEV, translated from Rus- 
sian by B. Benrrzxy; 570 pages; $16. 

General Chemistry by GLINKA. 
translated from Russian by D. So- 
BOLEV; 685 pages; $17.50. 

Elementary Particle & High Energy 
Physics, edited by M. Levy & Pu. 
MEYER; 374 pages; cloth $14.50; 
paper $7.95. 


From Harper & Row:* 

Torchbooks/The Science Library Series: 
A Sophisticate’s Primer of Relativity 
by P. W. Brmeman; 164 pages; 

pne ; Symbols, Signals & Noise, 

The Nature & Process of Cummunica- 
tion by J. R. PrgRcE; 305 pages; 
$2.25 paper. 

General College Geology by A. J. EARD- 
LEY; 499 pages; $9.25. 

The Theory of Magnetism (An Introduc- 
tion to Cooperative Phenomena) br 
D. C. Martis; 308 pages; $11.50. 

Magnetic Thin Films by R. F. Soogoo; 
316 pages; $11.75. 

The Relevance of Science by C. F. von 
WEIZSACKER; 192 pages; $5; 1964. 
An Introduction to Psychological Statis- 
tics by P. H. Dusois; 530 pages; 

$7.95. 

Foundations of Human Behavior by L. 
Karran; 368 pages; $5. 

Experiments in General Psychology br 
J. H. L. RoacH, et al; 192 pages; 
$3.75 paper. 

The Discovery of Time by S. TOULMIN & 
J. Gooprmxp; 280 pages; $6.95. 

Biology in the Laboratory by A. E. Ler 
& O. P. BnazLAND; 327 pages; $3.95 


paper. 

Psychology: The Science of Behavior by 
R. L. Isaacson et al; 374 pages; 
$6.95. 

Harper’s Series in Modern Mathema- 
ties: Universal Algebra by P. M. 
Coun; 333 pages; $9.75; Calculus of 
Several Variables by C GOFFMAN; 
182 pages; $7; Introductory Numerical 
Analysis of Elliptic Boundary Valus 
Problems by D. Greenspan; 164 
pages; $7; Concepts of Calculus bz 
A. H. Ligurstons; 489 pages; $8.75. 


* The first 10 titles under Harper & Row 


Farewell io Eden by M. Huxumy & C. 
Capa; 244 pages including 148 
photographs, of which 48 are in color; 

A Primer of Experimenial Psychology 
by J. Lyons; 322 pages; $3.50 paper. 
Vol. I of Harper's Experimental 
Psychology Series. : 

Molecular & Cellular Aspects of De- 
velopment, edited by E. BELL; 525 
pages; $10.75. e 

Concepts in Physical Science by S. 
RosEN, ei al.; 577 pages; $9.95. 

Biology by K. von Friscu, translated 
by J. M. OPPENHEIMER; 516 pages; 
$9.50 text edition. 


From The Macmillan Co. (Pergamon 


Press unless otherwise noted): 


Viscosity of  Elecirolytes & Related 
Properties, Topic 16, Vol. 3 by R. H. 
Stoxss & R. Minus; 151 pages; $7.50. 

Radiative Heat Exchange in the Aimos- 
phere by K. Ya. Konprar’ygv; 411 
pages; $15. 

Radiative Transfer of Discrete Spaces by 
R. W. PREISENDORFER; 462 pages; 
$20. Vol. 74 of monograph series 
on pure & applied mathematics. 

Foundations of Plasma Dynamics by 
E. H. Hour & R. E. HasxELL; 510 
pages; $12.95; The Macmillan Co. 

Orthogonal Families of Analytic Func- 
tions by B. Epstein; 80 pages; $2.50 
paper; The Macmillan Co. 

Some Electrical & Optical Aspects of 
Molecular Behavior by M. Davies; 
190 pages; 15s; $2.50 paper. 

The Clinical Psychiatry of Late Life by 
F. Post; 173 pages; $3 paper. 

The Use of Radioactive Isotopes in Tu- 
berculosis Research, edited by J. F. 
PASQUIER, et al.; 178 pages; $10. 

Semi-Micro Inorganic Qualitative Analy- 
sis by R. E. D. CLARK; 121 pages; 


$2.10 paper. > 
Light & Life in the Universe, edited by 
S. BurLER & H. MzxssEL; 340 


pages; c. $3.40 paper. 

On The Shoulders of Giants, A Shandean 
Postscript by R. K. Merron; 290 
pages; no price given; The Free Press; 
Collier-Macmillan. 

Modern Physiology: The Chemical & 
Structural Basis of Function by F. L. 
STRAND; 700 pages; $8.50, The 
Macmillan Co. 

An Illustrated Elementary Classification 
of Minerals, Rocks & Fossils by H. C. 
CunwEN; 183 pages; $6.50. 

Handbk. of Vacuum Physics, Vol. 2: 
Physical Electronics, Part I, edited 
by A. H. Beck; 178 pages; no price 
given, paper. 

Psychosomatic Disorders in Adolescents 
& Young Adults, edited by J. Hams- 
LING & P. Hopxins; 246 pages; $8.50. 
Proceedings of Psychosomatic Re- 


were mistakenly attributed to another search Society conference, London 
publisher in the June 1965 issue. 1960. 
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Computer Methods In Solid Mechanics by 
J. J. GENNARO; 292 pages; $10.95, 
Macmillan. 

Lattice Dynamics, edited by R. F. 
Wauuts; 730 pages; $28.50; Proceed- 
ings of International Conference, 
Copenhagen, August 1963. 

The Propagation of Gamma Quania in 
Matter by O. I. LEIPUNSKII, ei al.; 
222 pages; $15. International Series 
of Monographs on Nuclear Energy, 
Division X Reactor Design Physics, 
Vol. 6. 

Structural Mechanics & Analysis by J. 
Micuatros & E. N. Wiison; 480 pages; 
$10.95, Macmillan. 

The Elements of Computational Mathe- 
matics, edited by S. B. NonxiN; 192 


pages; $6. 

The Physics of the Ear by T. S. LITTLER; 
378 pages; $12; International Series 
of Monographs on Physics, Vol. 3. 

Readings in Pharmacology by B. Horm- 
STEDT & G. LiLJESTRAND; 395 pages; 
$7.50, 1963. 

Introductory Soils by K. C. BERGER; 371 
pages; $5.95, Macmillan. 

Collection of Problems on a Course of 
Mathematical Analysis by G. N. 
Berman; 590 pages; no pe given. 

Induction of Labor by H. Ferns, et al.; 
235 pages; $4.95, Macmillan. 

A Concise Textbook of Organic Chemistry 
by C. G. Lyons, et al.; 253 pages; 21s 
or $3 paper. L 

Organic Chemistry for General Degree 
Students, Vol. I: Fundamental Ali- 
phatic Chemistry, by P. W. G. Smt 
& A. R. TATCHELL; 292 pages; 25s or 
$3.50 paper 

Floral Biology by M. S. PERCIVAL; 243 
pages; 20s or $2.80 paper. 

Computer Augmentation of Human Rea- 
soning, edited by M. A. Sass & W. D. 
W ILEINSON; 235 pages; $5, Spartan 

6. 

Progress in Solid-State Chemistry, Vol. 2, 
edited by H. Ruiss; 475 pages; $17.50. 

Pharmacology of Cholinergic & Adren- 
ergic Transmission, Vol. 3, edited by 
G. B. KoELLE, et al.; 346 pages; $15. 
2nd International Pharmacological 
Meeting, August 1963. 

Doping, edited by A. ng SCHAEPDRYVER 
& M. HEBBELINCK; 180 pages; $9 in 
French & English. 

Fundamentals of College Physics by 
W. W. McCormick; 819 pages; 
$10.85., Macmillan. 

Advances in Fluorine Research & Dental 
Caries Prevention, Vol. 3, edited for 
ORCA by J. L. HARDWICK, et al.; 
281 pages; $17.50; llth Congress, 
Norway, July 1964. 

Dynamic Circuit Theory by H. K. Mxs- 
SERLE; 657 pages; $15. 

Metallurgical Achievements, edited by 
W. O. ALEXANDER; 330 pages; $12.75. 
Selected papers from Birmingham 
Diamond Jubilee Session 1963-1964. 
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Mathematical Analysis (Functions, Lim- 
its, Series, Continued Fractions), 
edited by L. A. LvusrERNIE & A. R. 
YANPOL'SKII; 404 pages; $10. Vol. 
69 of International Series of Mono- 
graphs on Pure & Applied Mathe- 
matics. 

Hydraulic Control of Machine Tools by 
E. M. KuamovIcH; 573 pages; at 50. 

Drugs & Enzymes, "edited by B . B. 
BnoprE & J. R. GILLETTE; 504 pages; 
$15. 

Evaluation of New Drugs in Man, 
edited by E. Zarmis; 214 pages; $9. 
Vol. 48. 2nd International Pharma- 
cological Meeting, Prague, August 
1963. 

Studies in the Pathology of Radiation 
Disease A. KRAYEVSKII; 
English edition edited by H. Lisco & 
M. WALKER; 219 pages; $15. 

Basic Concepts of Ecology by C. B. 
Knicut; 468 pages; $8.50, Macmillan. 

Human Diversity by K. MATHER; 126 
pages; $5.95. The Free Press. 

The Theory of Numbers by N. H. 
McCoy; 150 pages; $4.95. 

The Foundations of Astrodynamics by 
A. E. Roy; 385 pages; $10.05, 
Maemillan 

Lectures in General Algebra by A. G. 
Kurosu; 364 pages; $7.50. 

Handbook for Engineers, Vol. I: Mathe- 
matics & Physics, edited by K. P. 
YAKOVLEV; 631 pages; $7. 

Mechanical System Design by I. W. E. 
Ever & W. GosriNG; 226 pages; 21s 
or $3 paper. 

Mechanics of Machines, Vol. I, by H. E. 
BARNACLE & G. E. Waker; 300 
pages; $3 paper. 

Basic Biochemistry by M. E. RAFELSON, 
Ja. & S. B. BiNEkLsYv; 350 pages; 
$8.50 cloth; $6.50 paper, Macmillan. 

Communication Processes, edited by 
F. A. GELDARD; 299 pages; $14. Vol. 4 
in NATO Conference Series. 

Dynamics of Nonhomogeneous Fluids 
by Cura-Saun Yrs; 306 pages; $11.95. 
Macmillan Series in advanced mathe- 
matics and theoretical physics; Mac- 
millan. ] 

The Measurement Mechanical Parame- 
ters in Machines by N. P. RAYEVSKII; 
216 pages; $12. 

Electroma etic Clutches & Couplings by 

OROB’YEVA; 224 pages; $9. 
Vol Mai monograph” series on Elec- 
tronies & Instrumentation. 

Some Properties of Polyhedra in Euclid- 
ean Space by V. J. D. Baston; 212 
pages; $10. Vol. 71 of Pure & Applied 
Mathematics series. 

Heat Transfer in Structures by H. Scxug; 
340 pages; $10. Vol. 7 of monograph 
series in Aeronautics & Astronautics, 
Solid & Structural Mechanics Division. 

General, Chemistry Laboratory Operations 
by L. E. Conroy & R. S. ToBLS; 
191 pages; $3.50 paper, Macmillan. 


From McGraw-Hill Book Co.: 


$S Centuries of Microbiology by H. A. 
LzcHEVALIR & M. SororOROVSEY; 
536 pages; $4.95 paper. 

Electromagnetics in Space, edited bv 
K. R. SPANGENBERG; 277 pages; $18. 

Sulfuric Acid (Use & Handling) by 
O. T. FAsuLLo; 336 pages; $15. 

Symbolic Logic & Language, A Pro- 
grammed Text by J. Dicxorr & F. 
JAMES; 390 pages; $6.95 hardback; 
$4.95 paper. 

Field-Effect Transistors by L. J. SEVIN, 
J2.; 130 pages; $10. 

Distribution Theory & Transform Analy- 
sis (An Introduction to Generalized 
Functions, with Applications) by 
A. H. ZEMANIAN; 371 pages; $13.75. 

Learning Machines by N. J. NILSSON; 
137 pages; $10. 

System Engineering Handbook, edited 
by R. E. Macuot, et al.; 1054 pages; 
$29.50. 

Principles of Physics by F. BUECHE; 
660 pages; $9.75. 

Silicon Semiconductor Technology by 
W. R. RUNYAN; 277 pages; $16.50. 
Space Science and Engineering, edited by 
E. STUHLINGER & G. MESMER; 457 

pages; $20.00. 

Flame Structure by R. M. Fristrom & 
A. A. WESTENBERG; 424 pages; 
$17.50. 

Biological Statistics: An Introduction ky 
S. C. Pearce; 212 pages; $9.50. 

Relativistic Quantum Fields by J. D. 
Bsorxen & S. D. DRELL; 396 pages; 
$12.50. 

The Rational Manager (A Systematic 
Approach to Problem Solving & 
Decision Making), by C. H. KxPNER 
& B. B. TREGOE; 275 pages; $5.95. 

Probability, Random Variables, & Sto- 
chastic Processes by A. PArou.tis; 583 
pages; $19.50. 


From The New American Library of 
World Literature, Inc. (Signet Scienze 
Library): 

Breakthroughs in Physics by P. Worrr; 
352 pages; $0.75. 

Ranger to the Moon by W. Lzv; 127 
pages; $0.60. : 

Man, Nature and Disease by RICHARD 
Fiennes; 268 pages; $0.75. 

The Universal Encyclopedia of Matke- 
matics, foreword by J. R. NEWMAN; 
715 pages; $1.50 paper. 


Plenum Press (also see Consultarts 
Bureau Enterprises, Inc.): 
Solar System Radio Astronomy, edited 
by J. Aarons; 416 pages; $17.50. 


From Prentice-Hall, Inc. : 
Concepts in Physics by R. Benumcy; 
562 pages; $13. 
Sensory Psychology by C. G, MUELLER; 
120 pages; $3.95 cloth; $1.50 paper. 


Wind Waves (Their Generation & 
Propagation on the Ocean Surface) 
by B. Kinsman; 676 pages; $23.35. 
Principles of Electrical Engineering by 

V. DeL Toro; 775 pages; $17. 

Geochemisiry of Sediments (A Brief 
Survey) by E. T. Ducens; 342 pages; 
$13.25. 

Why Do Chemicol Reactions Occur by 
J. A. CAMPBELL; 117 pages; $4.50 
eloth; $1.50 paper. 

Special Functions & Their Applications 
by N. N. Lesepev; 308 pages; $16. 
Nuclear Chemistry by B. G. Harvey; 
120 pages; $3.95 cloth; $1.95 paper. 

From Reinhold Publishing Corporation: 
Introduction to Quantitative Chemistry by 

J. J. KLINGENBERG & K. P. REED; 
333 pages; $6.50. 

Humidity & Moisture, Vol. 8: Funda- 
mentals & Standards, edited by A. 
WEXLER & W. A. Wupuack; 562 
pages; $25; Vol. 4: Principles & 
Methods, edited by P. N. Winn, JR.; 
333 pages; $20. 

Human Performance in Industry by 
K. F. H. MURRELL; 496 pages; $13.25. 

Introduction to Digital Computer Appli- 
cations by A. G. FAVRET; 246 pages; 


$10. 

Essentials of Modern Organic Chemistry 
by W. A. BONNER & A. J. CASTRO; 
645 pages; $8.95. 

From Ronald Press Co. : 

Mathematical Methods in Engineering & 
Physics (Special Functions & Bound- 
ary-Value Problems) by D. E. & J. R. 
JOHNSON; 273 pages; $9.50. 

Spartan Bks.—See The Macmillan Co. 


From The University Presses 


From The University of Arizona Press: 

Morphologic Encyclopedia of Palynology 
by G. O. W. Kremp; 256 pages; $15. 

From The University of Chicago Press: 

Man on Another World by G. Enrens- 
VARD; 182 pages; $5.95. 

Elemenis of Cloud Physics by H. R. 
Byers; 191 pages; $7.50. 

Readings in Resource Management & 
Conservation, edited by I. Burron & 
R. W. Kates; 609 pages; $8.50. 

From Harvard University Press: 

A Source Book in the History of Psy- 
chology, edited by R. J. HERRNSTEIN 
& E. G. Boring; 636 pages; $12.50. 

From University of Illinois Press: 

General Relativity & Cosmology by G. C. 
MoVrrrIE; 241 pages; $6.95. 

From Indiana University Press, Blooming- 
ton: 

Psycholinguistics (A Survey of Theory & 
Research Problems), edited by C. E. 
Oscoop & T. A. SEBEOK with A Survey 
of Psycholinguistic Research, 1954- 
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1964 by A. R. Dison, Jm.; 307 
pages; paper; no price given. 


From M.LT. Press: 


Soviel Research & Development: Its Or- 
ganization, Personnel & Funds By A. 
Konor; 375 pages; $11. 

A Short History of Machine Tools by 
L. T. C. Ror; 256 pages; $7.50. 

Steelmaking, The Chipman Conference, 
edited by J. F. Erurorr & T. R. 

.. Meapowcrort; 306 pages; $20. 

Mycotoxins in Foodstuffs, edited by 
G. N. WocaN; 291 pages; $10. 

Proceedings of the Conference on Photon 
Interactions in the BeV-Energy Range, 
edited by B. T. Fez»; M.I.T. Report 
No. 2, approx. 150 pages; $5. 

The State of Soviet Science, edited by the 
Editors of Survey; 209 pages; $6. 

Embodiments of Mind by W. 8. Mc- 
CuLLocH; 402 pages; $12.50. 

The Evoked Vocal Response of the Bull- 
frog; A Study of Communication By 
Sound by R. R. Capranica; 110 
pages; $5. Research Monograph #33. 

From The University of Nebraska Press: 

Human Motivation: A Symposium 


edited by M. R. Jones; 87 pages; 
$4.25. 


From The University of Oklahoma Press: 
Warriors of the Colorado: The Yumas of 
the Quechan Nation and Their Neigh- 
eee Jack D. Fonzszs; 378 pages; 


From Princeton University Press: 


Detection Theory by I. Sein; A RAND 
ral research study; 128 pages; 


From Rutgers University Press: 
Cell Culture in the Study of Bacterial 
Disease, edited by M. SoLororovsky; 
121 pages; $4 paper. 
From Yale University Press: 
Microscopic Diagnosis of the Parasites of 
ns by R. B. Burrows; 828 pages; 
From D. Van Nostrand Co. : 
Management of Radioactive Wastes by 
C. A. Mawson; 196 pages; $6.95. 
Modern Science & Technology, edited 
by R. Corson and the Editors of 
International Science & Technology; 
746 pages; $22.50. 
Space Probes & Planeiary Exploration 
by W. Cortiss; 542 pages; $7.75. . 
Photoelectronic Materials & Devices, 
edited by, S. Laracu; 434 pages; 
$12... . 
From’ Vantage Préss: 
The Solar System and the Constellations, 


A Guidebook by Ciirrorp Ñ, ANDER- 
SON; 297 pages; $8.50, 
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From Viking Press: 


The End of the Game, photographs and 
text by P. H. BEARD; 456 pages; 
$12.95. 


From John Wiley & Sons (Interscience 
unless otherwise noted): 


Electron & Ion Beam Science and Tech- 
nology, edited by R. Baxisn; 945 
pages; First International Confer- 
ence, May 1964, Toronto, Canada; 
$24.50, Wiley. 

Advances in Petroleum Chemistry & 
Refining, Vol. X, edited by J. J. 
McKerra, JR.; 571 pages; $27.50. 

Research Frontiers in Fluid Dynamics, 
edited byR. J. SELGER & Q. TEMPLE; 
738 pages; $30. 

Ultrasonic Engineering by J. R. ERED- 
ERICK; 379 pages; $15, Wiley. 

` Chemistry of the Iron Group Metallo- 
cenes: Ferrocene, Ruthenocene, Osmo- 
cene, Part I by M. ROSENBLUM; 241 
pages; $12.50. 

Handbook of Compositions at Thermo- 
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In a Long Distance telephone office, hun- 
dreds and often thousands of circuits must 
be maintained at prescribed levels of trans- 
mission quality. Test equipment and test 
procedures therefore must be such that 
preventive maintenance will ensure high- 
quality communications channels whenever 
customers need them. 


At Bell Telephone Laboratories there is 
a continuing program under way to improve 
such test procedures and equipment by 
taking advantage of the latest advances in 
technology. One of the results of this pro- 
gram is a new test set developed by Bell 
Laboratories for use in the Bell System. 
Much of the memory and logic required for 
the tests has been built into this push- 
button programmed set. With it, a man can 
make accurate measurements at speeds ten 
times faster than possible with earlier test 
equipment. It also greatly simplifies equip- 
ment alignment when necessary. 


T. L. Maione demonstrating 
use of new measuring set 
developed at Bell Labora- 
tories. He is about to adjust 
the in-service loss of trans- 
mitting group No. 1. The 
message displayed in the 
digital readout above the 
meter indicates that the loss 
ofthis group is 0.4 db higher 
than prescribed value. The 
testing is programmed so 
that buttons and lights oper- 
ate only if the correct pro- 
cedure is followed. The set 
permits very narrow band- 
width measurements (.003% 
at 3 mcps, for example) of 
pilots as low as -63 dbm 
(0.5 nanowatt) with 0.1 db 
(1%) accuracy, 


Programmed Measuring Set 
for High-Quality 
Communications 


The tests are performed by measuring 
transmission “‘pilots’’—special tones inter- 
spersed throughout the frequency band con- 
taining the channels. Instead of following a 
complicated series of tuning and measuring 
steps involving several pieces of equipment, 
the craftsman now rapidly sets up the test 
to be made by pushing buttons, performs 
simple balancing steps, and receives a digital 
readout of any deviation from prescribed 
values. 


The entire test, including connections, 
takes only a few seconds. The test can be 
performed—and any required adjustment 
made — with the telephone equipment in ser- 
vice, without disturbing any conversations 
under way. 


& Bell Telephone Laboratories 
Research and Development Unit of the Bell System 








T. H. MORGAN 


Taken by the author in 1917. At that time Morgan was camera-shy, so Bridges and 

I hid my camera in Bridges’ incubator, with a string attached, and got this shot 

without Morgan’s knowledge. The books and binocular microscope in the background 
are at my desk in the fly room. 
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THE “FLY ROOM”* 
By A. H. STURTEVANT 


HEN Daniel Coit Gilman became the first president of Johns 

Hopkins University in 1875, he assembled a remarkable group of 
scholars to supervise the graduate work there. Among these were two 
biologists: W. K. Brooks, who had studied with L. Agassiz, and H. 
Newell Martin, a student of Michael Foster and T. H. Huxley. These 
two trained a whole generation cf outstanding zoologists, two of them 
being of especial importance in the history of geneties—Edmund 
Beecher Wilson and Thomas Hunt Morgan. 

E. B. Wilson (1856-1939) took his Ph.D. at Johns Hopkins in 1881, 
with a thesis on the embryology of the colonial coelenterate Renilla. He 
then went to Europe, where he worked at Cambridge, at Leipzig under 
Leuckart, and at Naples. The Naples station, where he returned several 
times later, greatly influenced him, and led to lasting friendships with 
such men as Dohrn, Herbst, Driesch, and especially Boveri. In 1885 
he became the first professor of biology at the newly opened coMege at 
Bryn Mawr. In 1891 he became professor of zoology at Columbia Uni- 
versity, and remained there for the rest of his life. He also spent many 
summers working at the Marine Biological Laboratory at Woods Hole. 
Wilson's early work was largely in embryology, at first descriptive and 
later of an experimental nature; his interest here was chiefly in the 
analysis of the gradual limitatior of the potentialities of the cells of the 
developing embryo, and the extent to which “formative stuffs” were in- 
volved in development. The first edition of his great The Cell in Develop- 
ment and Inheritance appeared in 1896, the second in 1900, and the 
third (really a new, much larger, and wholly rewritten book) in 1925. 
This was the standard work for many years, and exerted a very great 
influence on biology. Wilson’s own studies on chromosomes began 


* Chapter 7 from Dr. Sturtevant’s Zorthcoming book, A History of Genetics to be 
published by Harper & Row in the autumn. 
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about 1905, with work on the sex chromosomes, and led t 
detailed accounts that are models of accuracy and clarity ol 

The career of T. H. Morgan (1866-1945) resembled that : 
many respects. He took his Ph.D. at Johns Hopkins in 18¢ 
went to Europe, where he was also much influenced by a sta; 
and made lasting friendships, especially with Dohrn and 
4891 he succeeded Wilson as professor at Bryn Mawr, and 
joined him at Columbia. Like Wilson, he wrote a thesis on « 
and continued in this field, first with descriptive work, and le 
experimental approach. He also studied the chromosomes ir 
with sex determination. At Woods Hole he and Wilson wer 
and they and their families were very close friends, both at ` 
and in New York. 

For all that, the two men were very different. As R. G. H: 
was a close friend of both) has expressed it: “... Wilhelm 
his interesting book on great men of science, classified ther 
to their talents, as romantics and classics... To the rom 
come thick and fast; they must find quick expression. His fi 
get a problem off his hands to make room for the next. T 
more concerned with the perfection of his product, with sett 
in the proper relation to each other and to the main bod: 
His impulse is to work over his subject so exhaustively a: 
that no contemporary is able to improve upon it... Itist 
that revolutionizes, while the classic builds from the ground 

“Wilson is a striking example of the classic, and it is intere 
that for many years his nearest colleague and elosest fri 
equally distinguished romantic.” 

In 1909, for the only time during his 24 years at Colum 
gave the opening lectures in the undergraduate course i 
zoology. It so happened that C. B. Bridges and I were both 
While genetics was not mentioned, we were both attracted 
and were fortunate enough, though both still undergrad: 
given desks in his laboratory in the following year (1910 
possibilities of the genetic study of Drosophila were then ju 
to be apparent; we were at the right place at the right time. 
tory where we three raised Drosophila for the next 17 y 
miliarly known as The “Fly Room,” a rather small room ( 
with eight desks crowded in it. There were always others w 
besides the three of us— a steady stream of American and 
dents, doctoral, and postdoctoral. One of the most important 
H. J. Muller, who graduated from Columbia in 1910. He spei 
of 1911-1912 as a graduate student of physiology at Cor. 
School, and then came back to take a very active part in th 
work, 
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"There was an atmosphere of excitement in the laboratory, and a great 
deal of discussion and argument about each new result as the work 
rapidly developed. 

In 1909, Castle published diagrams to show the interrelations of genes 
affecting the color of rabbits. It seems possible now that these diagrams 
were intended to represent developmental interactions, but they were 
taken (at Columbia) as an attempt to show the spatial relations in the. 
nucleus. In the latter part of 1911, in conversation with Morgan about 
this attempt—which we agreed had nothing in its favor—I suddenly 
realized that the variations in strength of linkage, already attributed by 
Morgan to differences in the spatial separation of the genes, offered the 
possibility of determining sequences in the linear dimension of a chromo- 
some. I went home, and spent most of the night (to the neglect of my 
undergraduate homework) in producing the first chromosome map, 
including the sex-linked genes y, w, v, m, and r, in the order, and ap- 
proximately the relative spacing, as they still appear on the standard 
maps (Sturtevant 1913). 

The finding of autosomal linkage in Drosophila has been described by 
Morgan and Bridges (1919) and by Bridges and Morgan (1923), in their 
accounts of the mutant genes of the second and third chromosomes. The 
first test of two autosomal genes was by Sturtevant (February 1912), 
and showed that black and pink were independent. It was concluded that 
they were probably in different chromosomes, though this was only a 
tentative conclusion, since it was known that linkage could approach 
independent segregation in the frequency of recombination. In March 
1912, Bridges found that the newly discovered mutant curved, when 
crossed to black, gave no double mutant types in Fs, so it was clear that 
autosomal linkage could occur. It was evident that by this time there 
were more autosomal mutants than there were chromosomes, so Bridges 
and I began a systematic search by testing the available types against 
each other. These tests quickly yielded results, but, about a week before 
they did, the second case was discovered by C. J. Lynch, who had made a 
cross of black to vestigial for another purpose, and noted the absence of 
black vestigial in F; (Morgan and Lynch 1912). This was the first 
published case of autosomal linkage in Drosophila, and was soon followed 
by the discovery (Morgan 1912) that there is no crossing over in the 
male for these genes. This relation was soon shown to be general for 
both the second and the third chromosomes. By the middle of July 1912, 
the tests carried out by Bridges and Sturtevant had shown that this 
linkage group (the “second”) included not only black, curved, and 
vestigial, but 5 additional mutant types. In the same month, we also 
found two additional types linked to pink, thus beginning the study of 
the third linkage group (Sturtevant 1913). The fourth and last linkage 
group was found by Muller in 1914. 
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Stevens (1908) described the chromosomes of the female of Drosophila 
melanogaster (under the name D. ampelophila) as they are now known, 
but she found the male difficult to study, and we interpreted her figures 
as meaning that there was a rather small X attached to an autosome, 
and no Y. This interpretation was followed in early genetic literature on 
the species, until the work of Bridges (at first on XXY females in 1914), 

.and then of Metz (at first on other species of the genus, also in 1914) 
established the relations now known. Bridges insisted from the first 
and rightly, that the Y is J-shaped, and longer than the rod-shaped X; 
but the rest of the group was at first unwilling to accept this, since in 
other animals (even in other species of Drosophila) the Y was known to 
be absent, smaller than the X or equal to it, but never larger. A corollary 
of the Stevens interpretation was that there were four, rather than 
three, pairs of autosomes, with one of them having some sort of relation 
to the X. 

Bridges’ cytological work grew out of his studies of non-disjunction. 
In the first paper on the sex-linkage of white eyes, Morgan reported a few 
white sons from the original mutant male, which he supposed repre- 
sented further mutation; there can be no doubt that they were in fact 
due to non-disjunction. 

Further examples kept appearing, and in 1913 Bridges published an 
extensive genetic analysis of the phenomenon, giving it the name non- 
disjunction. Further studies led to no satisfactory causal interpretation 
—until he looked at the chromosomes and saw that females that gave 
exceptional offspring were XXY in composition (1914). As Bridges 
understood, this was really a proof of the chromosome theory, and made 
it inconceivable that the relation between genes and chromosomes was 
merely some kind of accidental parallelism—especially after the publica- 
tion of his detailed account in 1916, as the first paper in Volume 1 of 
the newly founded journal Genetics. : 

A further consequence of the cytological work of Bridges and of Met 
was that it became clear that D. melanogaster had three pairs of auto- 
somes—two large and one small—corresponding to the three autosomal 
linkage groups, of which two were also large, and one was small. 

By 1915, the work with Drosophila had progressed to the point where 
the group at Columbia was ready to try to interpret the whole field of 
Mendelism in terms of the chromosome theory. The resulting book, 
The Mechanism of Mendelian Heredity (Morgan, Sturtevant, Muller, 
and Bridges, 1915), is à milestone in the history of the subject. 

There had been much reluctance among geneticists to accepting the 
chromosome interpretation. Johannsen, for example, in the 1913 edition 
of his book, referred to it as “a piece of morphological dialectic”; and 
Bateson, in a review of Mechanism (1916), wrote “. . . it is inconceivable 
that particles of chromatin or of any other substance, however complex, 
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ean possess those powers which rnust be assigned to our factors [Le., 
genes]... The supposition that particles of chromatin, indistinguishable 
from each other and indeed almost homogeneous under any known test, 
can by their material nature confer all the properties of life surpasses 
the range of even the most convinced materialism.” 

It should be added that by his third edition (1926) Johannsen ac- 
cepted the chromosome interpretation, and that Bateson closed the. 
review from which the above quotation is taken: “. . . not even the most 
skeptical of readers can go througa the Drosophila work unmoved by a 
sense of admiration for the zeal and penetration with which it has been 
conducted, and for the great extension of genetie knowledge to which 
it has led—greater far than has been made in any one line of work since 
Mendel's own experiments." ; 

Not all critics were as generous, nor did they always get soft answers. 
In short, there were a good many polemical papers; and there surely 
would have been more if the work had not had the wholehearted support 
of Wilson, who had the respect and admiration of all zoologists, making 
him an invaluable ally. 

With the publication of the Mechanism, and of Bridges’ 1916 paper, 
this part of the story closes. There was still much exciting and funda- 
mental work to be done with Drosophila, and the Columbia laboratory 
was still the center for such work, but it was now a question of how the 
chromosome mechanism works, not of whether it can be demonstrated 
to be the true mechanism. 

There was a give-and-take atmosphere in the fly room. As each new 
result or new idea came along, it was discussed freely by the group. The 
published accounts do not always indicate the sources of ideas. It was 
often not only impossible to say, but felt to be unimportant, who first had 
an idea.* A few examples come to mind. The original chromosome map 
made use of a value represented by the number of recombinstions 
divided by the number of parental types as a measure of distance; it was 
Muller who suggested the simpler and more convenient percentage that 
the recombinants formed of the whole population. The idea that “cross- 
over reducers” might be due to inversions of sections was first suggested 
by Morgan, and this does not appear in my published accounts of the 
hypothesis. I first suggested to Muller that lethals might be used to give 
an objective measure of the frequency of mutation. These are isolated 
examples, but they represent whai was going on all the time. I think we 
came out somewhere near even in this give-and-take, and it certainly 
aceclerated the work. 


* There are, in the later literature, some examples of a concern about priority in 
the development of ideas in the early period, but, at the time, such a concern never 
inhibited free and open discussion. : 
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LIQUEFIED NATURAL GAS—A NEW SOURCE 
OF ENERGY: PART II, PEAK LOAD SHAVING 
AND OTHER USES 


By C. M. SLIEPCEVICH 


N THE previous issue* the development by Constock International 

Methane Ltd. of the liquefaction of natural gas and transportation 

by ship was traced. Although the principal use for liquefied natural gas 

(LNG) is in domestic heating and industrial use, there are several other 
outlets. 


Peak Load, Shaving 


At least one promising use for LNG which does not involve the liquid 
transportation problem is known as peak-load shaving, or simply, peak 
shaving. This concept can be most easily described by referring to Figure 
1, in which the variation in daily demand for gas by a local utility 
throughout the year is shown. It is obvious that the sinusoidal curve 
represents a highly idealized smoothing of the actual curve which has 
numerous peaks and crevices. The demand peaks on the coldest day in 
winter and bottoms on the hottest day in summer. The yearly average 
daily demand is represented by the horizontal broken line such that the 
shaded areas labeled deficit and surplus are equal. In order to obtain the 
best price and to be assured of a guaranteed supply, the local utility 
must contract to purchase from the gas pipeline company at a fixed rate 
the year round. If the purchases are made on the yearly average daily 
rate, customer demand in the winter months cannot be met. On the other 
hand,,there will be a surplus of gas available in the summer months.! The 
obvious solution is to “save” the surplus in the summer time and draw on 
it to make up the deficit in the winter time. However, because huge 
volumes of gas would have to be stored, no man-made storage is 
practical. 

In some regions of the country there are depleted gas and/or oil fields 
or aquifer? where large volumes of gas can be stored underground. In 
this case the solution is simple; the utility company stores surplus gas in 


* AMERICAN ScrENTIST, June 1965, page 260. “Liquefied Natural Gas—A New 
Source of Energy: Part I, Ship Transportation.” 

A Sigma Xi—RESA National Lecture, April 1962. 

1 The treatment here is considerably simplified. Gas distribution and pricing is a 
complex matter uj. 

2 Aquifer here refers to a geologic anticline or trap having a stratum of permeable 
water-bearing sandstone or limestone which can be developed for storage of gas. In 
some cases, salt caverns or abandoned coal mines can be used for storing gas. 
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the natural, underground reservoir and draws on it during cold weather 
when consumer demands exceed pipeline capacity. The amount of such 
storage in the United States is increasing rapidly; in 1962, the capacity 
was 3.56 trillion cubic feet (about 1/2 is usable) as compared to a total 
marketed gas production of 13.3 trillion cubic feet pj. The big storage 
concentration, fortunately, is in the more populated areas in such states 
as Pennsylvania, Michigan, Ohio, West Virginia, California, and Illinois.* 
Nevertheless, there are many areas, particularly New England, the 
East and South, where other measures have to be taken. For example, 
the surplus gas could be sold to local industry at a bargain (interruptible) 


(I)TYPICAL AVERAGE SEASONAL VARIATION 
OF TOWN GAS DEMAND. 
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Fig. 1. Variation in daily gas demand with seasons of the year. 


rate, in which case synthetic gas would have to be used to supply the 
deficit. The synthetic gas is frequently manufactured by thermal crack- 
ing of residual oils, catalytic reforming of propane and butane, or blend- 
ing propane and air with the pipeline gas. 

As an alternative to manufactured gas for peak loads, but not com- 
petitive with natural, underground gas storage, natural gas could be 
liquefied and stored during the summer months, and then vaporized 
during the winter months to augment the pipeline supply for meeting 
peak demands. The Cleveland plant was built for this purpose in the 
early 1940's. Within the last ten years, technological improvements in 
liquefaction equipment and cryogenic storage have tipped the economic 
balance in favor of LNG over manufactured gas for peak-shaving. Realiz- 
ing this potential, Constock International Methane Ltd. and J. F. 
Pritchard Co. formed a new company, Constock-Pritchard, Inc., early 
in 1958, to develop and construct LNG peak-shaving plants. 
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As a further boon to LNG peak shaving, the concept of in-ground 
storage for LNG was developed in the early 1960’s. Working independ- 
ently, Conch g, 4, 5], the American Gas Association te, 7, 8), and Phillips 
Petroleum Co. [9] each developed their own version. A schematic of the 
in-ground storage, piloted by Conch at Lake Charles in 1961, is shown in 
Figure 2. The construction of the cavity-in-ground (CIG) is as follows: 


(1) Freeze pipes for circulating refrigerant are sunk to the required 
depth along the periphery of a circle whose diameter is 20 to 40% 
greater than the diameter of the intended cavity. 

(2) The ground is prefrozen by cireulating an external refrigerant, 
such as propane, to form a frozen ring. 
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Fic. 2. How liquid methane is stored in frozen ground by Conch. 


(3) When the inner diameter of the frozen ring reaches the diameter 
of the cavity, the unfrozen ground, bounded by the frozen ring is 
excavated. . 

(4) On completion of excavation, an insulated roof is installed. 

(5) The cavity is now ready for filling with LNG. 


The prefreezing operation eliminates the need for costly shoring during 
excavation since the frozen ground has structural strength comparable 
to concrete. It also prevents moisture penetration during excavation. 
The frozen ground acts as an impermeable barrier to any penetration or 
loss of LNG into the surrounding ground and also provides adequate 
insulation to prevent excessive boil-off during storage. 

The temperature distribution measured during the Lake Charles tests 
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is also shown on Figure 2. 'The problem of theoretically predicting these 
isotherms and the rate of heat leakage into the cavity is not easy [8, 10, 
11, 12]. It is necessary to know the heat leak quite accurately in order to 
establish the size of the refrigeration equipment needed. 

Equally important is a knowledge of the properties of frozen ground, 
concrete, and other construction materials at these low temperatures in 
order to be able to predict the structural integrity of the cavity with times 
(13, 14, 15, 16]. Review of the design problems involved in cavity-in- 
ground storage is given by Sharp 17] and by Khan, et al. (18). 

A number of articles on the economics of peak shaving with LNG have 
been published (18, 19, 20, 21]. The basic differences between LNG trans- 
portation and LNG peak-shaving plants are: 

(1) Peak-shaving plants tend to be of much smaller liquefaction 
capacity, but their vaporization capacity is larger since they must be 
able to deliver gas at a very high rate for the few (5-15) coldest days in 
the year. 

(2) The liquefaction section of peak-shaving plants lies idle 1/3 to !/; 
of the year, whereas, in LNG transportation, it operates around the 
clock. 

(8) Peak-shaving plants require relatively more storage than LNG 
transportation plants. The cost of storage in the former runs over 25% 
of the total investment, whereas, in the latter, it is usually below 10%. 

(4) Even though the peak-shaving plants require no investment in 
tanker, loading and unloading docks, reforming facilities, ete., the total 
investment per unit of liquefaction capacity tends to run 10-20% higher 
than LNG transportation plants. Oddly, both of them run pretty close 
to $1 of total investment per cubic foot of gas liquefied. 

(5) The unit selling price of gas delivered to the pipeline will run about 
30-50% higher in a peak-shaving plant than an LNG transportation 
plant, depending on whether reforming costs are included in the Matter. 
Round figures for the LNG transportation plant are $1.10 per 1000 cu ft 
as compared to $1.50 per 1000 cu ft for peak shaving. 

It is to be understood that the above figures are used for illustrative 
purposes only, in an attempt to typify and compare a peak-shaving 
plant having a liquefaction capacity of around 10 million cu ft of gas per 
day with a transportation plant of 100 million cu ft of gas per day. 
Depending on the location of the site, these figures can vary drastically. 

Thus far, four LNG peak shaving plants in this country are scheduled 
to begin operations in 1965. The first one will go on stream early in 1965. 
It is being built by Constock-Pritchard Inc. for Transcontinental Gas 
Pipeline Corp. (Transco) on 420 acres in the Jersey Meadows near 
South Hackensack, N.J., at a reported cost of $12 million. It will have a 
liquefaction capacity of 5 million cu ft per day into 1 billion cu ft of 
equivalent gas storage with a maximum vaporization capacity of 200 
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million cu ft of gas. Transco will initially sell the gas to eight utility 
companies from Georgia to New Jersey for winter peak shaving at a cost 
(reported to be $2.20 per 1000 cu ft) about !/; to ?/, the cost a utility 
would pay to manufacture its own.peak-shaving gas. Because of the 
marshy nature of the ground, which rendered above-ground storage im- 
practical, Transco will use in-ground storage consisting of a cavity 115 

eft in diameter and 165 ft deep (21, with a capacity of 12 million gal of 
liquid or a billion cubic feet of gas. 

The second LNG peak-shaving facility is under construction at a cost 
of $3 million near Birmingham, Ala.; it will be jointly owned by Air 
Products and Chemicals Co. and Alabama Gas Co. This plant is slightly 
smaller than Transco’s. It has a daily liquefaction capacity of about 4 
million cu ft of gas and a vaporization capacity of 85 million cu ft. The 
storage consists of a conventional, above-ground, double-walled tank 
having an inner liner of 9% nickel steel and insulated with 5 ft of perlite. 
The storage capacity is 7.2 million gal or 600 million cu ft of gas i31. In 
proximity to this plant, Air Products is involved in a cryogenic complex 
which includes a gas reforming plant to produce hydrogen from natural 
gas. The hydrogen is used for manufacturing ammonia and as feed to a 
30 ton per day hydrogen liquefaction plant which will supply NASA’s 
Pearl River test site near New Orleans. In addition, some of the LNG 
from the peak-shaving plant might find outlet as a rocket fuel. A multi- 
plicity of cryogenic products from a single complex offers intriguing 

economic returns and could set the stage for a healthy growth in cryo- 
genic processing, which, to date, has been monopolized by the production 
of liquid nitrogen and oxygen. 

A third LNG peak-shaving plant should be in operation late in 1965 
at Chula Vista, Calif. It is being built by American Messer Corp. for 
San Diego Gas and Electric Co. The liquefaction plant will use pipeline 
presstire drop to liquefy natural gas in an expander cycle at a capacity of 
2 million cu ft of gas per day. The storage tank is identical to the one at 
Birmingham except that it uses 3 ft of perlite insulation instead of 5 ft. 
The vaporization capacity is 60 million cu ft of gas per day. The cost is 
$2.7 million (24). 

A fourth peak-shaving plant is being built for Wisconsin Natural Gas 
Co. at Oak Creek, Wis., between Racine and Milwaukee. The plant will 
have an above-ground metal, double-wall tank providing the equivalent 
of 250 million cu ft of gas storage, a vaporization capacity of 50 million 
cu ft of gas per day and a net liquefaction rate of 750,000 cu ft of gas per 
day. Chicago Bridge and Iron Co. are the designers and builders of the 
plant, scheduled to go on-stream in the Fall of 1965 ms. 


Other Uses for LNG 


As LNG peak-shaving plants become more widespread across the 
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United States, a number of other uses for LNG will develop because of its 
increased general availability at reduced costs. Two promising possi- 
bilities are as a rocket propellant and as a fuel for supersonic aircraft. 

Prior to 1959, LNG was considered a possible candidate as a rocket 
fuel. However, it seemed to drop out of the picture when NASA took 
over the space program and proceeded to concentrate on such fuels as 
RP-1,? hydrazine, and liquid hydrogen. Within the last two years, NASA” 
has had to modify its thinking somewhat. Although liquid hydrogen, in 
combination with liquid oxygen, provided the high performance charac- 
teristics needed, there were some applications, such as space storability, 
recoverable vehicles, etc., for which the hydrogen-oxygen system—as 
well as other fuels—was unsuited. In this respect, LNG offers the most 
attractive alternative. When LNG is used in combination with the 
oxidizer, FLOX (a liquid mixture of fluorine and oxygen), its perform- 
ance is commensurate to the hydrogen-oxygen system.‘ Compared to 
RP-1, hydrazine, and hydrogen it is the safest material to handle e; and 
its cost is substantially lower than hydrazine and hydrogen, being only 
slightly higher than RP-1. In addition, its properties are such that it can 
be adapted to existing rocket harc-ware, or it can lead to simplification in 
new hardware. 

The enormous heat dissipation problem presented by supersonic jets 
will require the development of more thermally stable fuels which can 
serve as & heat sink for cooling the engine and the leading edges of the air 
frame, in addition to maintaining the required temperature in the cabin 
for both the payload and electronic instrumentation. Some of the ther- 
mally stable fuels which have been considered cost 20- to 50-times as 
much as jet fuel. Whether or not supersonic jets will ever become a 
reality hinges on fuel economy. LNG, with its superior performance and 
cooling capabilities, added to the fact that its cost is comparable to jet 
fuel, offers the most promising solution. 

Both of these applications are being investigated by the Research 
Division of Continental Oil Co. For their studies, and to supply test 
quantities for others, they have erected a liquefaction and purification. 
unit at Ponca City which can produce up to 600 gal per day of liquid 
methane having a purity of 99.9+-%. 

The fact that LNG is currently not generally available should not 
serve as a deterrent to its ultimate use as a rocket or supersonic jet 
fuel. 


3 Similar to jet fuel. 

4 Another interesting comparison of performance is afforded by the 3-stage, Saturn 
V rocket. If the present RP-1/LOX booster stage were replaced by LNG/FLOX, the 
payload for solar system escape could be increased from 3500 to 10,300 Ib. This per- 
formance even exceeds the payload of 7000 Ib which could be put into solar system 
escape by replacing the third stage, LH2/LOX, in the present Saturn V, with &' 
nuclear engine. 
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Even if LNG were not being developed for heating purposes, it would 
merit development for rocket and aircraft fuels. Although the total 
consumption of LNG by the rocket industry would represent an in- 
significant fraction of the total natural gas currently produced, it can be 
readily liquefied at any site near a pipeline or imported as LNG at a cost 
substantially lower than the other rocket fuels, with the exception of 
“RP-1 (and ammonia if it enters the picture). On the other hand, super- 
sonic jets, with their voracious appetites for fuel, could eventually con- 
sume up to 10% of the total natural gas production in the United States. 
In this case, the demand is sufficient to realize the savings in manu- 
facturing costs in large-scale plants; consequently, the LNG could be 
produced competitively solely for the purpose of replacing present-day 
fuels. On the other hand, the day is rapidly approaching when LNG will 
be available in practically every major population center in the world to 
satisfy either a peak-shaving or a base-load demand. Since supersonic 
jets will largely confine their operations to such centers, the general 
availability of LNG may well exceed the current, general availability of 
jet fuel. Even today, certain preferred jet fuels are difficult to obtain 
abroad. 


Summary 


The next decade will probably reveal an unprecedented growth of a 
single commodity, LNG, as a major factor in supplying the world’s 
demands for energy. Although the pioneering efforts of Constock were 
primarily directed toward the foreign markets, the demand for LNG in 
the United States, both as peak shaving and base load, could even sur- 
pass many of the foreign markets. Both the East and West Coasts are 
feeling the pinch for more gas. Although the nation’s 1500 gas transmis- 
sion and distribution companies are laying pipelines at the rate of about 
30,006 miles per year and a cost of about $1.7 billion per year to an 
already established piping network of over 700,000 miles rri it is 
questionable whether they can keep pace with the growth in demand, 
notwithstanding predictions to the contrary p8]. The cost of constructing 
pipelines in this country varies from $10,000 to $280,000 per mile de- 
pending on the terrain and pipe size. An average cost for good pipelining 
country is around $100,000 for a 30-inch pipe, or roughly an average of 
from $2000 to $3000 per mile per inch diameter of pipe. These costs in- 
elude right-of-way, surveying, communications for remote operation, 
maintenance, meter stations, miscellaneous materials, and compressor 
stations [29]. The cost of transporting natural gas by pipeline is about 1.7 
cents per 1000 cu ft per 100 miles, which is about double the corresponding 
cost for transporting it by LNG tanker. When one adds to the LNG 
figure the costs of liquefaction and regasification, the pipeline and LNG 
begin to approach an even trade-off for the same distance between the 
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source and the market. In fact, Venezuelan gas for the East Coast and 
Alaskan gas for the West Coast, or possibly Mexican gas for either coast, - 
could put the squeeze on pipeline gas, which is experiencing a steady rise 
in eost, year after year. If LNG does not dent the pipeline market, it 
certainly will establish a ceiling for the ‘“‘city-gate”’ price. Furthermore, 
if gas prices at the producing fields continue to rise at present rates, coal 
shipped from the North by barge or tanker could displace gas for power* 
generation in the Southwest.’ 

In the last analysis the total energy picture will depend greatly on the 
continued development of atomic energy and direct conversion devices 
such as the fuel cell, the thermionic converter, the thermoelectric genera- 
tor, and the magnetohydrodynamic (MHD) converter. Of these, the fuel 
cell and the MHD generator will probably have the greatest effect on the 
increasing use of natural gas for generating power. 

The use of LNG as a starting raw material for petrochemical processing 
represents a good, profitable usage even though the quantity, as com- 
pared to fuel consumption, is only a matter of a few per cent. 

Lastly, political factors, such as import regulations and nationaliza- 
tion of privately-owned plants in foreign countries, could be the tail that 
wags the donkey. 
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5 A tragic, but not inconceivable, turn of events would be a flow reversal in which 
coal slurries are pipelined from the Northeast to the Southwest. 
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THE EVOLUTION OF HUMAN INTELLIGENCE 


Some Reasons Why It Should Be a Continuing 
Process 


By SHELDON C. REED 


HERE are now many experiments with man which give reality to the 
concept that all human behavior must have some kind of direct or 
indirect connection with the genetics of the reacting person. A stimu- 
lating review by Gottesman (1963) covers most of the recent develop- 
ments in this area of research. 

The clamor resulting from the nature-nurture misunderstanding seems 
to have frequently obscured the obvious relationship between the evolu- 
tion of the cerebral hemispheres and the basic intelligence of each species. 
The chimpanzee is smarter than the cat, and the cat is brighter than the 
canary. The very readable article by Bitterman (1965) shows that the 
intelligence of animals on various rungs of the evolutionary ladder differs 
not only in degree but also in quality. 

The correlation between the evolutionary increase in the size of the 
brain and the elaboration of intelligence is excellent. One can observe 
the astonishing expansion in size and efficiency of the forebrain from 
the modest organs of our insectivorous-like ancestors to the incredible 
mental equipment of Homo sapiens, man the wise. 

Increases in the size of the whole body should not be mistaken for 
increases in intelligence. Those terrible lizards, the dinosaurs,. provided 
a splendid example of a remarkable response of body size to the pressures 
of natural selection, accompanied by an almost complete failure of the 
brain to keep pace with the evolutionary luxuriance of the other organs 
of the body. 

There will be no attempt to define intelligence in this paper. The word 
is used in the same general sense as people use it everywhere. We can 
present some useful concepts without any concern for the validity of 
particular tests of intelligence or the reliability of the findings for particu- 
lar individuals. The only required profession of faith from the reader is 
that each person is the product of the interaction of his biology (genetics) 
and his environment. 


How Evolution Proceeds 


Credence in the inheritance of acquired characteristics has finally 
lost its last claim to importance with the collapse of Lysenkoism in the 
Soviet Union. All evidence indicates that evolution proceeds as the 
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result of the alteration of the genotype under the influence of natural 
selection. 

Sewall Wright (1932) demonstrated that the most favorable popula- 
tion structure for rapid genetic change would be composed of isolated 
units within which local differentiation could take place. The more 
successful local units, concerning intelligence, would result in part from 

*environmental good fortune but also from the gradual incorporation of 
new mutations of genes for higher intelligence. These advantageous new 
mutations, with other genes for higher intelligence, would spread to 
other communities. They would gradually replace less advantageous 
genes for intelligence as the result of natural selection. 

It is usually assumed that the prehistoric community structure con- 
sisted of a dominant male with several wives and that the dominance of a 
male depended not only upon environmental fluctuations but also upon 
genes for physical and mental strength. One million years ago, such a 
breeding structure would have been nicely suited to the rapid accumula- 
tion of genes which would contribute to the development of the brain 
and the evolution of problem solving. Genetic selection through the male 
in a polygamous social structure should be rapid because more than half 
of the males in each generation would fail to reproduce; thus, their 
“unsuccessful” genes would die out when they died. Environmental 
vagaries would disguise the genotype of each male to some extent but, 
over the long haul, there should be selection for genes favoring higher 
intelligence. The mentally retarded male would have little chance of 
reproducing in a polygamous society. 

It is difficult to estimate the approximate number of different genes 
which must be involved in the development of the brains of the more 
than three billion people now alive. It is unlikely that any two of the 
three billion people have precisely the same combination of genes for 
intelltgence—except for the multiple births derived from a single ferti- 
lized egg! This is an astonishing observation but not an improbable one. 
Sewall Wright (1932) pointed out, as a general illustration, that if a 
species had 10 alleles at each of only 1000 gene loci there would be 10190 
possible different gene combinations. Some idea of the incomprehensible 
number this represents comes from the estimate that the total number of 
electrons and protons in the visible universe is less than 101. Perhaps it 
should be mentioned that most of the astronomical number of different 
genotypes produced would be indistinguishable from each other when 
measured by any known instrument. 

A new mutation could spread throughout the small isolates of pre- 
historic time with some rapidity but, in today’s gigantic population 
groups, it would take thousands of generations for a highly advantageous 
mutation to become established in the majority of the people in any one 
large geographic area. Man has become one of the dominant species in 
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terms of numbers, and all so recently. It took until the 1800’s to reach a 

total of one billion persons. It took only 100 years to add the second 

billion; some 30 years to add our third billion; and it will take only 15 

years more to reach the fourth billion. Probably, extra billions will be 

added rapidly even if the present rate of increase can be slowed down. It 

is hard to imagine what the world will be like a few hundred years from 

now, with its teeming billions. Obviously, the occasional new mutations 
for higher intelligence will have little chance of spreading throughout any 

appreciable fraction of the billions on billions of people then alive. 


It is clear that, if worldwide changes occur in our genes for intelligence 
during any relatively short period of time, they will not be due to new 
mutations to any important degree. But there could be an increase in 
the proportion of genes for higher intelligence now available with con- 
tinuing elimination of those for lower intelligence. This basic kind of 
selection takes place at the level of the individual person and family and 
can be expected to continue without regard to the total size of the 
population. 

In the early days of man’s evolution, favorable genes for higher intelli- 
gence could have spread rapidly because of the small size of the popula- 
tion units. Previous to the development of agriculture about 10,000 
years ago, there could have been no urban life. Before the advent of 
agriculture, the world population must have comprised only a few million 
people. In fact, there were so few people over such a very long period of 
time that it is impossible to accept any average annual growth rate for 
those long periods of human existence. For instance, if we assume that 
there were 20 million people alive in 8000 B.c. and that the rate of in- 
crease was 0.02 per cent per year, then there would have been about 
10 million people in 11,000 s.c. and only 5 million in 14,000 s.c. Un- 
fortunately, this uniform rate gives us only 3 persons alive in 75,000 B.c., 
a nonsense answer. Thus, in order to extend the genus Homo back for 
even 500,000 years, a uniform annual rate of increase would have to be 
so small as to be almost meaningless. A rate of increase of considerably 
less than 0.02 per cent per year does emphasize the terrifying change we 
find of 2 per cent increase per year of the world population at present. 


Presumably, the evolution of higher intelligence, as distinguished from 
the lower intelligence of the apes, occurred during the last one million 
years or so, which would involve about 30,000 generations, if the average 
generation length was 33 years, while it would be around 40,000 genera- 
tions, if the average generation length was 25 years. The 10,000 years 
which have elapsed since the appearance of agriculture have seen the 
population grow from a few million to over three billion persons, all 
in the last 1 per cent of the time during which higher intelligence was 
evolving. 
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Evolutionary Rates 


The question now arises as to whether higher intelligence evolved at a 
uniform rate over the last one million years, or did the process accelerate 
during the last 10,000 years, and, if so, is it still accelerating? If we re- 
gard intelligence as responsive to cultural development, we would have 
to assume that intelligence has been, and probably still is, approaching 
higher levels as civilization advances. The increasing mechanization and 
complexity of our culture seems to discriminate against reproduction of 
the mentally retarded and to encourage that of the mentally more 
fortunate. A discussion of this point is presented in our book on mental 
retardation, Reed and Reed (1965). What do we know about trends in 
evolution? 

One of the clearest and most widespread trends in evolution is the 
gradual increase in body size; animals tend to get bigger than their 
ancestors. Several scholars, including Rensch (1959), have shown that 
such trends are best understood as the outcome of orthoselection, a long- 
continued process of natural selection favoring a certain quality or 
feature. Being large in size is advantageous in defense, offense, and 
sexual selection; hence, animals tend to evolve toward genetically 
larger types. However, it is conceivable that extremely large size would 
become a handicap under some conditions, and that evolution would 
then be reversed in regard to this one trait. Intelligence would seem to be 
an orthoselective trait of the first degree because it is unlikely that there 
is any environment where lower intelligence really would be advantage- 
ous to a person, and higher intelligence disadvantageous. 

Let us now face the baffling problem of the rate of evolution of higher 
intelligence. We are trapped by the same kind of absurdity that was so 
apparent with the numerical growth of the human population. Any 
annual average rate of change would be so small that it would not reflect 
the random fluctuations which probably occurred. However, in present- 
day terms, let us assume that our ancestors of 35,000 generations ago 
had an average IQ of at least 30. There is no methodology which allows 
us to determine the intelligence of earliest man, but he must have had 
some intelligence and the exact value is irrelevant to our argument. If we 
assume that the average intelligence evolved from an IQ of 30, equated 
to the present average of 100, there has been an increase of about 70 IQ 
points in about 35,000 generations. This is 0.002 of an IQ point for the 
average rate of change per generation. Thus, while our imaginary rate of 
change of two thousandths of an IQ point per generation is not a practi- 
cal figure, it does serve notice that, even during the greatest spurts of 
man’s evolution, the largest change in intelligence for any one generation 
must have been modest indeed. Presumably, the worldwide change per 
generation during the greatest increases in intelligence would have been 
only some small fraction of an IQ point. It is hard to imagine any re- 
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versals of intelligence which would correspond to the drops in population 
size due to disastrous epidemics. Changes in intelligence in each genera- 
tion should be much more conservative than fluctuations in population 
size. 


Recent Research 


It should be clear that no large changes in the average intelligence of 
a nation, or the world, are likely to occur in one generation. If striking 
fluctuations are reported, one should question them. They are likely to 
result from bias due to the use of different psychological tests, different 
sampling methods, or other pitfalls, rather than from fundamental en- 
vironmental or genetic changes. One of the best surveys of the change 
in IQ for a population is the well known study of the Scottish Council for 
Research in Education (1949). Over 87,000 children were tested in 1932 
and a different 70,000 were tested in 1947. This is approximately one 
half of a generation between the two test periods. The average IQ was 
about 2.2 points higher for the second group of children. It would be 
foolish to think that any appreciable part of this gain, if real, was genetic 
over such a short period of time. Nor would it be safe to assume that the 
gain was all due to an improvement in Scottish education during the 
years of the Second World War. It is quite possible that some of the gain 
resulted from bias due to sampling, testing, or other unknown factors. 
Further attempts to determine what factors were responsible for the 2.2 
point increase in the IQ at the end of the 15-year period might yield 
results of the greatest value. 

In our own work, Higgins, Reed and Reed (1962), the children aver- 
aged about 4.0 IQ points higher than their parents. This was due pri- 
marily to a technical bias and we know what it was. The mean age of the 
parents at testing was 14.24 years while the mean age of the children 
was 8.65 years. The younger the children when tested, the higher the 
average IQ. Thus, when the age of the children was equated to the age 
of the parents, at testing, all gain in the IQ vanished. We would like to 
re-ernphasize that what in the “old days" might have been published as 
a 4.0 IQ point gain for an intelligence score in one generation is no real 
gain; it is clearly the result of a statistical bias which, when corrected, 
results in the disappearance of the "gain." The likelihood of including 
one or more biases of substantial importance in any studies of intelligence 
of different groups or generations is so large, and the likelihood of a 
substantial genetic or environmental effect upon intelligence in one 
generation is so small, that we should perhaps think of our data as being 
more erroneous than our speculations, if one may entertain such an 
unorthodox idea. Clearly, the worst error possible in this area of study is 
to be certain of your data. 
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The nature-nurture controversy was not the only smoke screen which 
inhibited progress in the study of the evolution of intelligence. The well- 
intended efforts of the eugenics movement rested upon the misconcep- 
tion that the mentally retarded more than replace their numbers, while 
the most brilliant citizens fail to marry or have few children. If this were 

*true, the average intelligence of the nation should be falling, and man 
would be losing the trait which makes him intellectually superior to all 
other species. 

The basis for the eugenic concern was the well-established fact that 
the larger the family of children, the lower the average intelligence of 
those children. One investigator calculated that the intelligence of one 
area of England was dropping by about four IQ points per generation. 
This could not continue for long without ensuing disaster, if true. It 
occurred to me in 1949 that the eugenic premise might be based on a 
seriously faulty design of the experimental method. All members of each 
generation with no children had been omitted from the studies of the 
past, which might lead to a large enough bias to vitiate the possible 
significance of the negative correlation between the number of children 
in the family and their average intelligence. My most helpful wife, 
Dr. Elizabeth Reed (and later a graduate student, James V. Higgins), 
and I-set out to explore the problem. We found that it made a striking 
difference when the childless members of each generation were included. 
See Higgins, Reed and Reed (1962). 

The results of interest here concern 1016 families where an IQ value 
was available for both the father and the mother and at least one child; 
these amounted to a total of 4071 persons with known IQ values in this 
sub-sample. We are well aware that the value of a single intelligence 
quotient may be slight, and that testing errors are frequent. However, 
the sharp differences to be presented are certainly not the result of 
testing errors. 

These data provided the expected negative correlation of —0.30 + 
0.02 between the number of children in the family and their intelligence, 
similar to the findings of previous investigators. We found that the low 
average intelligence of the children in large families was anticipated by 
low average intelligence of their parents, as measured when the parents 
were children themselves. Thus, the mothers of the 370 two-child families 
had an average IQ of 104.5 + 0.7 while the mothers of the 5 families of 
nine children averaged only 90.0 + 11.3. The important and sharp drop 
in intelligence of the parents occurred in those who produced six or more 
children. The IQ for the total population of fathers and mothers showed 
a substantial negative correlation with the size of the families they pro- 
duced some years after they were tested. This last point is very important 
and it had not been demonstrated in a quantitative fashion previously. 
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The negative correlation of —0.30 + 0.02 between the number of 
children in a family and their intelligence is arithmetically satisfactory 
and has been confirmed by numerous investigators. However, it is con- 
ceptually inadequate and leads directly to the eugenic paradox. The 
parents of this generation of children represent only a part of their 
generation of people. It ignores the fact that these parents had a sizeable 
number of brothers and sisters who remained childless. The failure to, 
consider the intelligence of the members of a generation who failed to 
reproduce provides a large statistical bias, or error, which could easily 
vitiate the significance of the negative correlation which was just pre- 
sented. 

The necessary innovation of including the childless brothers and 
sisters of our parents results in a striking change in the picture. This is 
because there is an extremely important differential in intelligence be- 
tween the unmarried in the population and the married. This must be 
so because the severely mentally retarded seldom marry. The severely 


TABLE 1 


AVERAGE NUMBER OF OFFSPRING PER INDIVIDUALIN RELATION TO IQ 
(BOTH MARRIED AND UNMARRIED SIBLINGS INCLUDED) 


Data of Higgins, et al. (1962), and Bajema (1963) Combined 
Number of Siblings Average No. of 


IQ Range in Parental Generation Offspring 
70 and below 106 2.09 
71-85 283 2.30 
86-100 ` ' 1010 2.22 
101-115 1122 2.20 
116-130 376 2.49 
131 and above ^ 48 2.98 
Total Combined Sample 2945 2.26 


mentally retarded thus pull down the average of intelligence for all un- 
married persons. This should not be interpreted as a reflection upon the 
intelligence of single persons; it is merely stating the obvious fact that 
the severely retarded are handicapped in obtaining mates, especially 
when they are institutionalized. The sharpness of this differential can be 
indicated by pointing out that 42 per cent of our smaller group of un- 
married persons were retarded while only 4 per cent of the larger group 
of married persons had IQ values of 70 or below. 

Bajema (1963) published a study similar to ours in its results, though 
for a different population. He studied 979 individuals born in 1916 and 
1917 and tested when in the sixth grade of the Kalamazoo Publie School 
System. 'The 979 persons had 2189 offspring who lived past the age of one 
year, an average of 2.24 offspring per individual. Our comparable average 
for both married and unmarried persons was 2.27 offspring. He analyzed 
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the reproduction of the 979 persons in terms of intelligence and included 
our data next to his in his Table 5. The two populations were so uni- 
formly comparable in their reproductive capacities that it seems reason- 
able to me to combine them and present them here as Table 1. It can be 
seen that the parents with above-average intelligence had slightly more 
children than the below-average parents. 

e The inclusion of the adults who failed to reproduce altered the situa- 
tion dramatically. Tt is still possible that man's intelligence is suffering a 
decline due to unknown factors. However, the eugenicist’s old paradox 
resulting from the observed negative correlation between family size 
and intelligence seems to have been resolved. 

One further comment may help to explain why the eugenic worries 
about the effect on national intelligence of a possible differential birth 
rate were so firmly entrenched. There was always the tendency to equate 
intelligence with the amount of education obtained or even with social 
class. To be sure, there is a significant correlation between these items 
but the correlation is far from perfect. There is a real negative correlation 
between the number of children in the family and the amount of educa- 
tion or the socio-economic status. However, there will be only a negligible 
proportion of persons in the Ph.D. group, for instance, with low genetic 
endowments for intelligence. There will be a much larger proportion of 
the poorly educated who will exhibit high intelligence on the standard 
tests. Each of these groups can be expected to reproduce in accord with 
its social standing. If the persons were rearranged according to their 
intelligence instead of according to formal education, the higher birth 
rate of the mass of the poorly educated would be only slightly lowered 
by the addition of the few Ph.D.’s with low birth rates and low intelli- 
gence but extensive education. However, the average number of children 
produced by the highly educated group would be raised substantially 
when éhe persons with high intelligence and many children, but with 
little education, are added to the highly educated group. Thus, the small 
negative correlations between the amount of education and number of 
children produced which were found by Dice, Clark, and Gilbert (1964) 
would almost certainly disappear if the correlation of family size is made 
with tested intelligence rather than with education. 

Now that we have exorcised the devil of the detrimental differential 
birth rate we can accept more comfortably the concept of orthoselection 
for higher intelligence as a continuing present day process. 


Guiding Our Own Evolution 


Are there any ways in which the process could be accelerated? Could 
we cause a more rapid increase in the proportion of genes for higher 
intelligence with the corresponding decrease in the proportion of genes 
for lower intelligence? 
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It is not necessary to accept any specific theory for the basis of intelli- 
gence to conclude that it can be improved. Those oriented toward the 
environmental philosophies expect improved education, the “war on 
poverty," and other social actions to bring this about. There may be 
considerable disillusionment in this regard as little change is likely to 
occur in one generation for the whole nation. The important question, 
from the practical point of view, is how to manipulate society so that 
the genetic gains and the environmental improvements will both be 
optimal. The aspirations of mankind are committed to this goal. 


It is clear that the level of intelligence is transmitted from parents to 
offspring, and that no distinction is mandatory as to what is transmitted. 
All the data indicate that parents provide their children with both genetic 
and environmental endowments. 


It follows that if the less intelligent have no offspring, neither their 
genes nor their below-average environments will be reproduced in the 
next generation. On the other hand, those with the most intelligence 
might be persuaded to have more children than they do. They would 
then transmit both their genes and their above-average environments to 
a greater proportion of the next generation. Our social institutions should 
be able to do a much better job than they are doing in approaching these 
goals. The major deficiency has not been that of too little money but of 
too little understanding of the ideas under consideration here. The first 
step needed is the provision of more appropriate education for our policy 
makers and the general public. 


It is not likely that the evolution of intelligence will proceed very 
rapidly in the world as a whole in a single generation. However, the level 
of intelligence of the world could improve significantly within a few 
generations if the world populations understand how genetic selection 
works or could be made to work. A considerable reduction in tHe fre- 
quency of mental retardation could result in a very few generations if 
appropriate steps were taken. The reason for expecting some success 
lies in the high transmissibility of mental retardation. Reed and Reed 
(1965) showed that more than one third of all the retarded persons in our 
study had one or both parents who were also retarded. It follows that, if 
these retarded parents had not reproduced, there would have been one 
third less retarded children added to that population. There is increased 
emphasis upon the prevention of mental retardation and if this becomes 
a worldwide trend there should be a gradual improvement in intelli- 
gence. 

It would seem that we are directing our evolution toward higher intelli- 
gence though the change in each generation is probably very slight. It is 
also gratifying to realize that, if decreases in genetic intelligence were to 
‘occur, they would also be small in terms of single generations. 
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Summary 


The development of civilization has taken but a moment of the long 
period of time during which man's brain and his intelligence have 
evolved. Our cultural legacy is the product of man's intelligence. Today, 
an important question concerns the effects of civilization upon the direc- 
tion of changes in the genetic components of intelligence at present and 

*in the immediate future. 

When we correlate parents’ income, education, social status, or IQ 
with the number of children they produce, correlation coefficients are 
obtained which are negative in sign. These well-established negative 
correlations are statistically biased and seriously misleading because 
they ignore the important segment of the parental generation which had 
no children. The negative correlation (—0.30 + 0.02) between family 
size and intelligence of the children in it has no meaning for the next 
generation because the mentally retarded children will have little in- 
come, education, or social status; they will seldom marry or have off- 
spring. The mentally retarded who do reproduce may have large families 
but the average number of children produced by the retarded is lower 
than that for normal persons. It is impossible to determine what is 
happening to the intelligence of mankind as a whole but it is clear that 
itis not decreasirig atan appreciable rate. 

The main conclusion is the perhaps euphoric concept that genetic 
orthoselection for higher intelligence is continuing at the present time. 
The challenge of our complex world, with an ever greater premium placed 
on higher intelligence, should result in an acceleration of the rate of 
evolution toward that end. 
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COLOR NAMES. FOR COLOR SPACE* 


By ALPHONSE CHAPANIS 


HE richness, variety, and importance of normal color experience are 

truly remarkable. Our ability to see colors contributes immeasurably , 
to our ideas of beauty and to the aesthetic appreciation of objects in our 
everyday world. Color is used routinely in business, industry, science, 
and medicine to code and identify objects and to communicate informa- 
tion. And, finally, color seems to be associated with a variety of affective 
responses, feelings, emotions, and moods—such as liking, disliking, 
excitement, and depression. 

For these reasons, it is not surprising to find that there has been a 
great deal of scientific work done on color vision and color perception. 
Richter’s two bibliographies (1952 and 1963), for example, contain 
well over 6000 entries even though they cover only the fifteen-year 
period from 1940 through 1954. Despite all this work, there are many 
fundamental things we still do not know about this subject. As one 
illustration, there is still much uncertainty about precisely how various 
wave lengths of radiant energy are transformed into nervous energy and 
differentially coded for transmission to the higher nerve centers of the 
brain. we 

Color can be studied anywhere along a broad spectrum of problems. 
At one extreme, some scientists are deeply interested in the microfunc- 
tioning of the retinal elements and in the photochemicals that transform 
electromagnetic energy into nervous energy. At the other extreme, one 
can find research workers concerned with responses to color as an aid to 
understanding the structure and dynamics of personality. The problem 
I wish to discuss falls somewhere near the middle of this spectrum, for 
I am primarily concerned with the common color names that we can all 
use to talk about our color sensations. 

Strangely enough, in all the vast literature on color and color percep- 
tion, the topic of color names is one that psychologists have largely 
ignored. To be sure, studies involving color naming have had a long and 
respectable history in psychology. In fact, one of the very earliest of 
these was begun by James McKeen Cattell while he was a fellow at The 
Johns Hopkins University in 1882-1883 (Cattell, 1885). But Cattell and 
the many psychologists who used color-naming tests after him were 
interested in these tests almost exclusively as dependent variables. 
Typically, investigators have used the time taken to name a set of simple 
colors, or the number of errors made in naming some simple colors, as 
a measure of other things—mental ability, the effect of drugs, the effect 
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of fatigue, and so on (see, for example, Berdie, 1940; Cattell, 1890; 
Cattell and Farrand, 1896; Remoli, 1933). Rarely was anyone interested 
in what people meant by the color names they were using. The occasional 
studies which tried to establish some denotative meaning for color names 
confined themselves to the spectrum colors (see, for example, Beare, 
1963; Dimmick and Hubbard, 1939; and Pickford, 1951), to a very few 
surface colors (Katzin and Murray, 1934), or to no more than five or six 
simple color names (see, for example, Halsey, 1959). 

To focus more precisely on the present topic, let me pose the question 
that got me started on this problem in the first place: What is the 
maximum number of usable color names for all of color space? 


Why Study Color Names? 


Let's begin by asking, “Why should anyone study color names?" 
Although there are several answers to this question, one of the simplest 
is to say that colors and color names are important for many industrial 
and engineering purposes. You have heard, I know, that we are experienc- 
ing a kind of second industrial revolution—a revolution brought about 
by new kinds of machines and machine systems. One thing that char- 
acterizes this new class of machines is that they deal not so much with 
tangible products, like steel ingots, glass bottles, and washing machines, 
as with information— meaningful information that can be understood, 
handled, and transferred from man to machine and vice versa. 

Let me give you an example. An air traffic control center in a large 
metropolitan airport doesn't produce a single concrete item that one can 
point to, handle, or put into a crate. Its principal product is informa- 
tion—information about incoming flights, outgoing flights, weather 
conditions, and emergencies. For any one aircraft the controller needs 
to know a lot of different things: the identity of the aircraft, its altitude, 
speed, distance, direction, origin, and destination. Some of this informa- 
tion changes continually; other pieces of the information are relatively 
static. Since controllers in a large metropolitan airport may have to keep 
tabs on a hundred or more aircraft at any one time, you can readily see 
that such a system must be capable of handling a very considerable 
amount of information. 

Another familiar example of modern systems that deal primarily with 
information are the giant computers that are becoming almost as com- 
mon as desk calculators and slide rules were a few decades ago. 

An essential part of many of these information-handling systems is 
that they must portray, or display, the information they are processing 
so that their human counterparts can see it and interpret it quickly and 
correctly. When large amounts of information have to be displayed for 
human users, color turns out to have some extremely useful properties 
(see, for example, Harris, Kolesnik and Teel, 1964; Morgan, Cook, 
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Chapanis, and Lund, 1963; Smith, 1962; and Smith and Thomas, 1964). 
Because colors can be so effective for coding information, the engineer or 
systems designer sometimes wants to know what is the maximum number 
of different colors that can be used for this purpose. This is quite a com- 
plex question because, to be useful for coding information, a set of colors 
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Fia. 1. A schematic representation of the psychological dimensions of color space 


must satisfy some very special requirements. First, any color in the set 
must practically never be confused with any other color in the set. 
Second, every color in the set should be readily associated with a common 
color name. Third, some color codes should be usable by ordinary people 
with little or no specialized training in color. And therein lies the origin 
of our problem for today. 


The Dimensions of Color Space 


Color sensations can be classified and ordered without any reference 
to the characteristics of the stimuli which arouse them. Over the past 
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several hundred years, artists, philosophers, and scientists have devised 

many such classifications of colors according to their similarities and 

differences. Almost without exception, all such schemes agree that some 

sort of a three-dimensional model is needed to represent adequately the 

full gamut of color sensations which the normal person experiences. : 

Figure 1 shows a diagram which is widely used by psychologists and color 
*scientists for this purpose. 

Hue: Hue is perhaps the most important of the three fundamental 
variables of color as a mental phenomenon. It is the main quality factor 
in color and is what the ordinary person means when he says color. 
Another way of saying it is that hue is the essential element which leads 
us to refer to colors by such distinctive names as red, yellow, green, blue, 
violet, and so on. Hue sensations do not, however, occur in discrete 
groups. Instead, they shade imperceptibly from one to another and, 
indeed, form a complete circle, as illustrated in Figure 1. Starting with 
red, for example, one can describe color sensations which become progres- 
sively yellower, that is, the red first becomes orange-red, then orange, 
yellow-orange, and finally yellow. From yellow one can proceed similarly 
by continuous gradations to green, blue, violet, and back to red again. 

Brightness (lightness): The second variable of color sensation is 
brightness, the quantitative aspect of color sensation. It is easy to imagine 
two colors, say red, of identical hue but differing in brightness. Common 
terms which are used to refer to variations in brightness are light and 
dark. As with hue, however, the brightness dimension also forms a 
continuum, shading imperceptibly from very light to very dark hues. 
In technical work, brightness is used to refer to variations in the intensity 
of lights; lightness to variations in the intensity of surface colors. 

Saturation: The third variable of color sensation is the most difficult 
to explain in words alone, without reference to actual color samples. 
Perhaps the best way of defining saturation is to say that it is the per- 
centage of pure hue in a color. In this sense, it is roughly parallel to the 
concept of the purity of a chemical compound. In common speech, words 
such as pale or deep, weak or strong appear to refer to variations in 
saturation. Light brown, for example, is a weakly saturated yellow red 
of medium lightness, and moderate pink is a weakly saturated light red. 
In Figure 1, saturation is represented by radii originating at the center 
of the diagram and extending in all directions from the center. In this 
diagram, white, gray, and black are colors of zero saturation and thus 
of no hue. The white-gray-black continuum varies only in brightness, or 
lightness. 

Color Space Defined: Now, when I say color space I mean that three- 
dimensional space which models color in all possible variations of hue, 
lightness, and saturation. 

The Munsell Color System: Although one can study color sensations 
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without reference to physical stimuli, i$ is nonetheless true that sensa- 
tions of color are most consistently and readily elieited by stimuli of the 
appropriate kinds. The most useful general set of surface colors available 
for scientifie and technical work is found in the Munsell Book of Color. 
This is à large collection of carefully prepared colored chips, spaced to 
represent about equally noticeable color differences. Taken together, the 
Munsell chips cover virtually the full gamut of all colors reproducible by 
ordinary paints and pigments. The master colors of the Munsell system 
have also been deposited with the National Bureau of Standards, where 
they have been measured and calibrated so that they can be related to 
other color measurement systems. In addition to illustrating the dimen- 
sions of color space, the Munsell system is extremely useful for specifying 
colors in business, science, and industry. If a manufacturer specifies the 
color of one of his products in Munsell terms, anyone else can go to a 
Munsell atlas and find out precisely what color he means. 

For all its advantages, the Munsell system is a collection of standard- 
ized colors useful primarily as a system of color nomenclature and speci- 
fication for scientific and technical work. The language of the Munsell 
system is foreign and strange sounding to the uninitiated. The lightness 
dimension becomes value in Munsell terms, and saturation is called 
chroma. Chips bear names like 2.5 YR 4/6, where the 2.5 YR refers to 
a particular hue, the 4 to a specific lightness (or value), and the 6 to a 
particular saturation (or chroma). One can easily find out with great 
precision exactly what such a color looks like, but the terminology of the 
Munsell system is hardly one that could be used for ordinary color 
descriptions. 

I shall refer to the Munsell system later when I come to some of the 
experimental work I want to discuss. At that time, however, my 
interest will not be in the Munsell system as a system, but only as a 
comprehensive set of stimuli for studying color names. . 


On the Total Number of Discriminable Colors 


One approach to our problem of colors and color names is to find out 
how many discriminable colors there are in color space. No one really 
knows this. We can, however, arrive at an estimate of this number 
(Nickerson and Newhall, 1943) by discovering how many discriminable 
colors there are in the hue circle (about 200), multiplying these by the 
number of discriminable steps in the lightness dimension (about 450), 
and multiplying that product by the number of discriminable steps in 
saturation (this varies from about 15 to 165 in different parts of color 
space). The final outcome of such a series of computations is a very large 
number—about 7,295,000 discriminable colors! 

Although this might appear to constitute an enormously useful reser- 
voir of colors upon which to draw, it turns out to be of virtually no 
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use at all for the kind of practical problem we started with. Let's look 
at the difficulties with this approach for, in so doing, we will be able to 
see more clearly the complexities of this problem. 

Absolute versus Comparative Judgments: The first difficulty with the 
computations above is that they are based on values obtained with the 
most sensitive methods available to the psychophysicist. Generally, this 
means two colors presented side-by-side, under good viewing conditions, 
and with the observer being required to state merely whether the two 
are the same or different. This involves a comparative judgment, a kind 
of discrimination which the human eye can make with exquisite precision. 

But the situations in which colors are used for coding information do 
not permit such niceties of observation. In an information display, a 
color may appear by itself and the observer may be required to identify 
it as being this or that. Observations performed under these conditions 
are sometimes referred to as absolute judgments in the psychological 
literature (Chapanis and Halsey, 1956). 

One of the fascinating things about these two kinds of situations is the 
tremendous shrinkage which occurs when one goes from comparative to 
absolute judgments. Take, for example, the visible portion of the 
electromagnetic spectrum, that region stretching from approximately 
380 to 780 my. Tf one explores this region step-by-step using the most 
refined methods available to the psychophysicist, he will discover that 
there are upwards of 150 discriminable wave lengths in the visible spec- 
trum (Wright, 1947). Now present a set of spectrum colors one by one 
and ask the observer to attach an arbitrary label to each one. Even after 
observers have had extended practice, the maximum number of different 
colors which they can identify without appreciable error is no more than 
12 or 13! (Halsey and Chapanis, 1951; Chapanis and Halsey, 1956). This 
shrinkage from 150 to less than one-tenth that number represents a 
tremendous contraction in the pool of colors available for practical work. 

Indwidual Differences: There is still a further complication that we 
must face in this business if we insist that colors be labeled with common 
names instead of arbitrary labels. This complication is that people ap- 
pear to differ in what they see—just as they differ in height, weight, 
reaction time, or in any of the thousand or more ways we can measure 
them. Incidentally, let me make it absolutely clear that in this discussion 
I am eliminating from consideration all persons with eolor-vision defects. 
The-differences I am concerned with are differences one can find among 
so-called color-normal individuals. 

Let us return again to our visible spectrum, spread it out before an 
observer and ask him to locate that part of the spectrum that represents 
the purest orange, the purest yellow, the purest green, and so on. Let 
the observer take his time and ask him to repeat his determinations 
several times. Compare the results you get from several observers and 
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you are sure to discover a remarkable thing. What appears to one 
observer as a pure yellow looks orange to another. What one observer 
is willing to call a yellowish-green, another will call bluish-green. And 
so on. Each observer is internally consistent, that is, he can repeat his 
own determinations with remarkable accuracy. But the differences 
between individuals are disconcertingly large (see, for example, Dimmick 
and Hubbard, 1939; Halsey, 1959; and Pickford, 1951). 

What is the source of such inconsistencies? Do they arise from genuine 
differences between visual systems—differences between the way your 
eye and mine respond to the same stimuli? Or are such discrepancies 
primarily due to differences in the way we have learned to attach color 
names to our color sensations? These are intriguing questions and, at 
the moment, we can only speculate about the answers to them. But, 
however they arise, differences in the way each of us uses color names 
are one of the added complications we shall clearly have to face in our 
search for color names that we can use in color space. 


How Many Color Names Are There? 


Another way of tackling our problem might be to go at it by way of 
color names themselves. What is the situation here? No one really knows 
how many different color names there are. Kelly and Judd prepared a 
dictionary of color terms for the National Bureau of Standards in 1955, 
and that compilation contains over 5000 different color names. The 
difficulty, however, is that the number of color names, unlike the number 
of discriminable colors, is not some fixed, finite number. There are 
people in our world of advertising and industry who dedicate themselves 
to the invention of new color names. Indeed, the guiding principle for 
people in this kind of work is “New names for old colors every year.” 
As a result, we find ourselves being deluged with such exotic names as 
afterglow, air castle blue, Aladdin’s lamp, Andrinople berries, angel blue, 
angel red, apache, aphrodite, April sky, Arab, arabesque, atlantis, atonement, 
Australian pine, autumn blonde, autumn brown, autumn glory, autumn 
gold, autumn green, autumn leaf, autumn oak, and autumn tan, just to 
name a few that begin with the letter “a.” Rest assured that these 
are not my inventions. Some manufacturer, somewhere, has used each 
of these names to refer to some particular shade of lipstick, face powder, 
fabric, or tile. 

There isn’t even agreement in the different segments of industry about 
the precise definition of some of these terms. For example, in the Plochere 
color system used by interior decorators, autumn brown refers to a strong 
yellowish brown, a yellowish brown of high saturation. In the Standard 
Color Card put out by the Textile Color Card Association, however, 
autumn brown refers to a moderate brown, a brown very low in saturation. 

If we eliminate all obvious inventions of the advertising arts, we can 
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still find many color terms which have little meaning for the average 
person. Indeed, it is extremely unlikely that terms such as alabaster, 


amethyst, caeruleum, carmine, chartreuse, claret, cyan, ebony, fuchsia, 


heather, heliotrope, hemp, indigo, japonica, jasmine, madder, and mauve 
can even be found within the vocabulary of the average American adult. 
Let me remind you that, according to the American Education Associa- 
tion, in 1960 the median adult in these United States had completed 
only eleven years of schooling. The very fact that you are reading 
this means that you are all members of a select minority of 
our population. Once again, when one finds people who know and use 
specialized color terms in their work, we often find disagreements in what 
they mean by these words. In the field of color photography, for example, 
cyan refers to a color between blue and green. To an artist, however, 
cyan is a much bluer color. What an artist calls red is red magenta to a 
color photographer. And so on. 

I think you will agree that our brief excursion into the world of color 
names has so far been a singularly unrewarding exercise. One quickly 
becomes bewildered by their sheer numbers, confused by the lack of 
agreement about what they mean, and mystified by their exotic and 
esoteric qualities. 

Color Names in Common Use: Let us now follow another avenue and 
ask what color names one finds in common use. One of the few studies I 
know of this problem is reported by Pauline Evans (cited in Evans, 
1948). She surveyed seventeen best-selling novels and found 4416 color 
terms used in these books. Of that total number, 4081, or 92.4% were 
accounted for by only 12 terms. These, arranged in order of most to 
least common, are: white, black, blue, red, gray, green, brown, gold, 
yellow, pink, silver, and purple. Of the total of 4416 terms, 4066, or 
92.1% were unmodified. Only 7.9% were modified with words like 
"darle," “pale,” “pinkish,” and so on. 

The common language, in other words, appears to get along with no 
more than about a dozen color names. But surely there must be some 
middle ground. One can’t help feeling that if he looks hard enough he 
ought to be able to find more than a dozen color names to blanket the 
vast domain of color we can all see. 


The Denotative Meaning of Some Common Color Names 


My latest approach to this problem has been a direct frontal assault 
on the question of what people mean by various color names. In particu- 
lar, I have been looking for consistencies, and for differences, among 
color names in terms of how normal people use them in designating real 
colors. 

There are at least two ways one could go about this kind of problem. 
One is to show an observer a large number of different colors and ask 
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him to name them. This technique, I think, has a number of disadvan- 
tages. If you do not limit the number of color terms you allow the observer 
to use, you will generally end up with such a large assortment of dif- 
ferent names, with and without qualifiers, that it is difficult to know what 
to do with them. There is no easy way of quantifying the outcome of an 
experiment of that type. 

For this reason, we did the reverse kind of experiment. We spread out 
a large array of colors before an observer, then gave him a color name 
and asked him to find that one color which, in his opinion, best exempli- 
fied that color name. In short, we asked the observer to define what each 
color name meant to him by pointing to a particular color. 


TABLE 1 THE BASIC COLOR NAMES AND MODIFIERS USED IN THIS STUDY. 

THE GROUPINGS OF THE BASIC COLOR NAMES SHOW THE SIX SETS INTO 

WHICH THE COLOR NAMES WERE DIVIDED DURING THE ADMINISTRATION 

OF THE TESTS. EXCEPT AS NOTED BELOW, EVERY COLOR NAME WAS 
USED WITH EVERY MODIFIER 


Basic Color Names Modifiers 


Red Green 5 (No modifier) 
Pink$ Yellowish green Vivid 
White* Yellow green Strong 
Grayt Greenish yellow Pure 
Black* Olive Deep 
Dark 
Yellow Blue Light 
Orange Bluish green Pale 
Brown Greenish blue Grayish 
...(ish) White 
Purple Reddish purple ... (ish) Gray 
Violet Purplish red . . (ish) Black 
Purplish blue Purplish pink$ 


* No modifiers were used with these color names. 

1 This name was used unmodified and with each of the following modifiers: “Light, 
Dark, Pure, Medium. ' 

§ The modifier ...ish Black was not used with these color names. 


The Color Names Tested: Table 1 shows the color names we have tested. 
As you see, the color names are made up of two parts, what we call (1) 
basic color names, and (2) modifiers. By and large, these basic color 
names and modifiers were selected from the National Bureau of Stand- 
ards dictionary of color terms (Kelly and Judd, 1955), although we 
have introduced some additional terms of our own. With the few excep- 
tions noted in the footnote to the table all basic color names were paired 
with all modifiers. Some examples of our color names are vivid green, 
pale blue, deep olive, grayish purplish blue, and violet black. These pairings 
of modifiers with names gave us a total of 233 color names, the number 
tested in this investigation. ] à 
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General Testing Procedure: For our colors we used all the color chips in 
the Cabinet Edition of the Munsell Book of Color (1226 in all) and added 
to them 133 special colored chips generally of higher saturation than are 


contained in the book. We ended up, therefore, with a total of 1359 


different samples of color. 
These colored chips were spread out on a large table, under a carefully 
» controlled source of illumination approximating natural daylight. The 
observer stood, or, if he wished, sat, before this display. He was given a 
color name, for example, vivid brown, and instructed to find that one 


TABLE 2 SELECTIONS MADE FOR FOUR COLOR NAMES (ABOVE) AND SOME 
OF THE STATISTICS COMPUTED ON THE DATA (BELOW) 





Munsell 
Chi 
Selected Red Pure Red Vivid Red Strong Red 
10.0 RP 3/14 1 
10.0 RP 4/10 1 
10.0 RP 5/12 1 
2.5 R 3/10 3 
2.5 R 4/12 1 1 1 
2.5 R 4/14 3 8 6 4 
2.5 R 5/14 4 3 1 1 
.5.0 R 3/12 1 4 
5.0 R 4/12 i 1 
5.0 R 4/14 17 14 15 12 
5.0R 5/14 4 1 4 2 
5.0 R 6/12 1 
7.5 R 3/12 2 
7.5 R 4/12 1 
7.5 R 4/14 8 10 T 8 
7.5 R 5/14 1 3 4 
N 40 40 40 40 
n 9 7 9 12 
Modal f (M) 17 14 15 12 
M' 25 24 22 20 
M” 29 32 2 24 
Consistency, 
0.54 0.56 0.52 0.43 


Mean 5.1 R 4.2/13.8 5.1R4.2/14.0 5.2 R 4.3/13.8 4.8 R 3.8/1 





Overlap, 0 78 76 60 
li 0.08 0.09 0.26 
color which, in his opinion, was the best vivid brown on the table. He 
was given unlimited time to make his selection and he was allowed to 
pick up the cards containing the colored samples, move them about, or 
handle them in any way that would make his search easier. 

'To reduce this task to manageable proportions, we did the testing by 
groups of eolors (as shown in Table 1). For example, all of the color 
names containing yellow, orange, and brown were tested as a group. In 
this way we were able to modify the size of the display and the number 
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of colors through which the observer had to search. We made sure, of 
course, that the range of colors displayed was more than adequate to 
cover those he might want to search through. At any one time, however, 
a display contained no more than about 550 colors. 

The six different sets of colors, and all the color names within a set, 
were tested in a different random order for each of the observers used. 

The Observers: 'The observers were 40 young adults, 20 men and 20 
women. They were required to have normal color vision, good visual 
acuity, and to speak English as their native tongue. The observers were 
housewives, students, secretaries, and teachers. As a group they were 
undoubtedly above the average intelligence of the population as a whole. 

The Basic Form of the Data: At the conclusion of many weeks of testing 
we ended up with 9320 color selections—40 for each of the 233 color 
names. 'Table 2 shows the way in which the raw data were tabulated for 
four of them. It also shows some of the statistical measures that were 
computed to describe the selections. 

Our first interest was in getting some measure of the consistency with 
which the 40 subjects could agree in their selections. To this end we 
first determined n, the total number of different selections made for 
each color name. Next we computed the frequency of the modal, or most 
common selection, M; the sum of the frequencies of the two most com- 
mon selections, M’; and the sum of the frequencies of the three most 
common selections, M". Finally, we used a rather complieated statistic 
which I borrowed from communication theory, although we used the 
measure simply as a summarizing statistic having nothing to do with 
communication. This measure, which I call the coefficient of consistency 
is defined by: 


C = [Z(f logs f)] + [40 loge 40] 


where f is the number of times each of the » color chips was selected. 
This measure of consistency, or agreement, ranges from 0.00 to 1.00. If 
all 40 subjects made exactly the same choice for a color name, the value 
of C would be 1.00. If each of the 40 subjects made a different choice for 
a color name, the coefficient would be 0.00. 

It turns out that all five measures of consistency (n, M, M', M", and 
C) were highly correlated, but that the coefficient of consistency, C, 
gave the highest average intercorrelation with all the other measures 
(4-0.95). Consequently this is the only one I shall refer to from now on. 

Consistencies for All 233 Color Names: The distribution of consistencies 
for the 233 color names is shown in Figure 2. As you see, observers never 
agreed completely in their selections for any color name; on the other 
hand, they never disagreed completely either. Still, taken as a whole, 
the distribution gives the impression of low rather than high amounts of 
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' agreement. The median value is only 0.29, and the consistencies for 219, 
or 94 per cent, of the color names are less than 0.50. 

To some extent, this impression of instability in the color selections 
must be tempered with the observation that our measure of consistency 
tends to be biased toward the lower values. As I have already said, a 
value of 0.00 would result if all 40 observers had picked a different color, 
40 in all, for a particular color name. On the other hand, a value of 0.29 
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Fic. 2. Coefficients of consistency for the selections made to the 233 color names. 
(the median for all color names) could occur if the 40 observers had 
picked only 14 different colors—three observers each agreeing on one of 
13 colors and the fortieth picking a fourteenth color. A value of 0.52 
could occur if the 40 observers had picked only 6 different colors— seven 
observers each agreeing on one of 5 colors with the remaining 5 agreeing 
on the sixth. To sum up, then, the agreement among color selections is 
better than the distribution in Figure 2 seems to suggest. 

Consistency of Selections Made by the Two Sexes: Since we tested 20 
men and 20 women, it is natural to ask: Were there any sex differences, 
and, if so, which sex was more consistent? The answer is that the women 
were significantly more consistent. This finding is in agreement with 
those of other studies which show that women or girls tend to be better 
than men or boys in other kinds of color naming (see, for example, 
DuBois, 1939, and Ligon, 1932). 
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Consistencies for Groups of Color Names: Figure 3 reveals some in- 
teresting differences among the 19 basic color names. Each horizontal 
line shows the range of four C’s: that for the unmodified basic color 
name, and for the basic color name modified by “pure,” “strong,” and 
“vivid.” The short vertical line shows the mean of these four values of C. 
The heavy dot shows the mean value of C for each basic color name in 
combination with all 12 modifiers. . 

The white, gray, and black color names fall into a class by itself and 
I shall not say anything about them except to point out that the ob- 
servers were generally able to agree very well about them. 


WHITE - GRAY - BLACK ——— MÀ M M ——— 
—Ó—— ORANGE 
—— YELLOW 
fp RED 
.*——L— GREEN 
*—]———— BLUE 
-———ÓL— GREENISH - YELLOW 
4— —]—— ý YELLOWISH- GREEN 
oo} PINK 
-—— — BROWN 


el PURPLE 
e+ PURPLISH- BLUE 
+ YELLOW ~ GREEN 


2? + PURPLISH - RED 
anf REDDISH ~ PURPLE 
PURPLISH - PINK 
VIOLET 
BLUISH - GREEN 
GREENISH - BLUE 





OLIVE 
o 0. 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 
COEFFICIENT OF CONSISTENCY, C > 


Fig. 3. Consistencies of selections made to the basic color names. 


Observers tended to be highly consistent in their selections for orange, 
yellow, red, green, and blue. Selections for purple and violet showed a 
considerable amount of variability, and our observers found olive the 
most difficult color to define precisely. It is interesting to note, too, 
that observers were always less consistent in their definitions of com- 
pound color names than simple color names. The agreement for yellow- 
green, for example, is less than that for either yellow or for green. 

Figure 4 shows that there were some differences between the various 
modifiers, although these differences do not appear to be as great as 
those shown in Figure 3 for the basic color names. Poorest agreement was 
shown for the modifiers... gray and grayish..., as, for example, 


340 AMERICAN SCIENTIST 


reddish gray and grayish red. Greatest consistencies were obtained for the 
color names which imply highly saturated hues, for example, red, vivid 
red, strong red, and pure red. 

Incidentally, appropriate statistical tests show that the differences in 
Figures 3 and 4 are highly significant. 

Mean Hue Selections for the Strong Hues: The discussion so far has 
been concerned only with how well the 40 observers could agree in their 
definitions of various color names. We calculated a mean hue, a mean 
value (lightness), and a mean chroma (or saturation) for the selections 
made to each color name (see Table 2 for examples). I shall have time 
here to discuss only some of the findings for the hue selections. 

The mean hues for all the strong colors are shown in Figure 5 as arrows 
radiating out from the center. The scale and the symbols around the 
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Fie. 4. Consistencies of selections according to color name modifiers. 


inside of the circle show the locations of the 40 principal Munsell hues. 
The short arcs on the outside of the circle are ranges for strong hues as 
defined by color experts of the Inter-Society Color Council and the 
National Bureau of Standards (Kelly and Judd, 1955). In some cases, 
the agreement between the ISCC-NBS definitions and what our ob- 
servers did is excellent. This is true, for example, of strong red, strong 
orange, and strong yellow. In other cases, the agreement is poor. Note, for 
example, that the mean selection for strong green is completely outside 
the range of values specified by the ISCC-NBS. A particularly interesting 
comparison is that between strong purple and strong violet. Color experts 
agree that violet should be a bluer color than purple. Our observers, 
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however, could make practically no distinction between these two 
colors. In fact, they even reversed the two! 

Another highly interesting point concerns the compound colors, such 
as greenish yellow, yellow green, and yellowish green. These turn out to be 
particularly difficult. Although color experts think of yellowish green and 
greenish yellow (or bluish green and greenish blue) as being distinctly 
different colors, our observers scarcely differentiated between them at all. * 


ama 





Fia. 5. Average hue selections for the strong hues (arrows). The scale and symbols 
around the inside of the circle are designations for the Munsell hues. The segments 
of arcs on the outside of the circle show the ranges of hues defined by the ISCC-NBS 
method of designating colors. 


The last point of interest in Figure 5 concerns the distribution of the 
mean selections. Recall that the Munsell hues are spaced to correspond 
to equally noticeable color differences, that is, equal distances around the 
perimeter of the circle correspond to equally discriminable hue dif- 
ferences. When we first made our selection of 19 basic color names for 
this study (those in Table 1) we tried to pick names which would blanket 
the hue circle almost uniformly. Our findings show that we fell far short 
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of this goal. There is a large region between most of the Munsell greens 
and all the blue-greens that was not sampled at all by our color names. 
There is another large empty space between greenish blue and blue and 
still another between violet and purplish pink. These regions contain a 
great many colors which the eye can discriminate if it wants to. But 
apparently we have not found these colors to be sufficiently interesting 
to reward them with their own distinctive names. 

On the Overlap between Different Color Names: The selections of color 
chips were sometimes nearly identical for different color names. Table 2 
illustrates some of these. Note, for example, that 5.0 R 4/14 was the 
most common selection for red, pure red, vivid red, and strong red. In 
fact, only two Munsell chips (5.0 R 4/14 and 7.5 R 4/14) accounted for 
over half of all the color selections made for these four color names. 
Another way of saying this is that our observers regard red, pure red, 
vivid red, and strong red as being essentially the same color. This con- 
clusion is supported by the means of the selections made to these four 
names (Table 2). The maximum discrepancy among the four mean hues, 
mean values, and mean chromas is less than half the difference between 
any two color chips adjacent in the Munsell system. 

Two measures were computed to quantify the overlap between thé 
selections made to pairs of colors. One measure was a simple tally of the 
number of times identical chips were selected for different color names. 
The other, again borrowed from communication theory, is a measure of 
the information transmitted (or, as it has also been termed, the contin- 
gent uncertainty [Garner, 1962]) between color names and color selec- 
tions. Here again, think of this only as a statistical measure of associa- 
tion, varying, for these data, between 0.00 and 1.00. These two measures 
agree so highly.that only the first was computed for all the data. Meas- 
ures of overlap are now available for all 27,028 pairs of colors so that we 
can determine which color names overlap and by how much. 

The results of this analysis reveal that there is almost complete 
synonymy between violet and purple, and between yellowish green and 
yellow green. This identity holds not only for the basic color names but 
for the basic color names used with all eleven modifiers. Although there 
is somewhat less overlap between yellow green and yellowish green, 
between bluish green and greenish blue, and between reddish purple and 
purplish red, it is sufficient for us to conclude that we could not expect 
people to make dependable discriminations between the members of each 
pair. 

The situation with regard to modifiers is, in some respects, even more 
interesting. First, the modifiers pure, strong, and vivid appear to add 
nothing to a basic hue name. For all practical purposes, pure blue, vivid 
blue, and strong blue are synonymous with just plain blue. Deep and dark 
also turn out to be synonymous, as do pale and light. Moreover, these 
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generalizations hold for all nineteen basic color names. All these findings 
are at variance with the ISCC-NBS system of designations in which these 
modifiers were supposed to identify distinct variations in lightness and 
saturation. Unfortunately, the ordinary person does not make these 
distinctions. t. 

There are also numerous other pairs of color names which overlap but 
these are more or less isolated instances and do not hold for entire sets of 
modifiers or basic color names. For example, although the pink and red 
colors appear to be differentiated on the whole, pinkish white and reddish 
white are not. Similarly, orange and brown appear to be distinctive except 
for orange black and brownish black. 

On the Total Number of Distinctive Color Names: We turn now to what 
is probably the most interesting question, essentially the question we 
started with: How many distinctive color names are there? Imagine that 
we were to construct a very large table of data. Across the top of the 
table, we list the color chips starting with the first and continuing 
through the 1359th. Along the side of the table we list color names, 
starting with the first and ending with the 233rd. Inside the table we 
enter in the appropriate cells, all the 9320 color selections made by our 
observers. What we will have, in short, is a kind of gigantic correlation 
table, containing 1359 times 233 cells. 

'The measure of information transmitted (or contingent uncertainty), 
to which I have already referred, is a kind of statistic which is ideally 
suited for data of this type. If we calculate such a measure for this large 
table of data we obtain a result equal to 5.49 bits. The antilog of 5.49 
bits is 45. This means that there are theoretically 45 different color 
names for which color selections should not overlap (Garner, 
1962). 

Unfortunately, when we examine our table of data we find that, in 
still another respect, our selection of color names was not as good as we 
had hoped. Of the total of 1359 chips, 246, or about 18 per cent, were 
never selected at all. Our theoretical number of 45 color names does not 
cover the entire color space of the Munsell system but only about 82 
per cent of it. 

We can, however, make some estimate of what the total number of 
color names could be and bracket it with some upper and lower limits. 
_ For the lower limit, let’s assume that we managed to find some additional 
color names to sample the unused 246 color chips. Let’s assume, further, 
that the agreement for these new color names is no better than the agree- 
ment for that of our most variable color name, pale olive. Under these 
assumptions we would need an additional seven color names to cover 
the unsampled area of the Munsell system. 

Let’s follow another line of reasoning to see what it will give us as 
an estimate. If 45 different color names can cover 1113 chips, on the 
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average, how many color names would we need to cover 1359 chips? 
That turns out to be about 55. . 

By putting all these computations together, we may say that the total 
number of different color names that could be used for color space (as 
represented by the Munsell system) is most probably between 52 and 55. 


Postscript and Prospect 


Let’s stop now, take a look backwards at what I’ve tried to say, and 
then a look forwards at what this means for future research. 

I started with a question: What is the maximum number of usable 
color names for all of color space? We saw first that the normal human 
eye is capable of discriminating upwards of 7,000,000 different colors, 
but that this number is not at all a fair estimate of the reservoir of 
practically usable colors. We saw then that the English language contains 
thousands of different color names and that our language is flexible 
enough, and our culture rewarding enough, to encourage the prolifera- 
tion of color names, although most of us have little idea what these 
color names mean. On the other hand, the common English language, 
the language of the novel, seems to get along well with no more than 
about a dozen different color names. 

A direct experimental attack on the denotative meaning of various 
color names has revealed some interesting things about what people 
mean by various color names. We saw that some color names which 
appear to be quite different are, for all practical purposes, synonymous. 
We saw also that people do not make distinctions between certain modi- 
fiers which appear to convey the idea of variations in saturation and 
lightness. And, finally, we ended up with the estimate that there are 
probably between 52 and 55 usable color names for all of color space. 

As is so often the case with scientific research, the questions which 
we have uncovered are far more numerous than those we have answered. 
Our 52 to 55 usable color names are theoretical, rather than actual. 
Inspection of our data identifies a number of names which do in fact 
refer to different regions of color space. But what of the unsampled parts 
of color space? Can we find color names for them? Are there indeed 
simple color names which we can use for the hues which lie between 
green and blue-green? Or for the low-saturation hues, which were also 
conspicuously avoided? 


How do we learn color names? Where and how in the genetic develop- 


ment of a child do associations get established between color names and 
color sensations? How does the child learn to make the discriminations 
that provide him with the color language he has as an adult? 

Would we have obtained the same results if we had tested observers 
who know British English instead of American English? Would a French 
psychologist have discovered the same number of usable color names as 
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we did? Or a German psychologist? In short, have we discovered some- 
thing reasonably constant about human color perception, or have we 
discovered something that is specific to people who speak a particular 
language? 

These are only a few of the intriguing questions that occur to me, and 
I am sure, to you as well. 

In conclusion, if my brief remarks today have colored your thoughts * 
with the warm glow of crushed strawberry, sunglow, coral blush, or 
mountain haze, I will feel that I have, in part at least, earned the privilege 
of addressing you. But if, by some stroke of good fortune, I may 
have enticed a few of you into exploring these questions further, I will 
feel that I have been most richly rewarded. 
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ON THE PRESENT INCOMPLETENESS OF 
MATHEMATICAL ECOLOGY) 


By L. B. SLOBODKIN 


tmost all fields of science are growing. The number of journals | 
À published per unit time; the number of Ph.D.’s and engineers 
produced; the dollars spent; facts learned; institutes; seminars; inter- 
disciplinary, international, coordinated, crash, and other programs are 
all increasing at a dizzying rate. Publishers, symposium organizers, com- 
mittee chairmen, editors, deans, and deanlets all compete for time with 
students and research. 

To be a scientist in 1965 is a delightfully hectic and exciting business. 
Scientists are presumed to have certain intellectual abilities and stand- 
ards which make them of value in supporting political, social, and re- 
ligious movements and institutions so that each scientist must carefully 
budget his time, clarify his own opinions and, at all costs, maintain an 
honest intellectual perspective on the relative merit and state of pro- 
grams and ideas, particularly in his own research area. 

However, not all of the areas of science are growing at the same rate. 
The most rapidly growing areas are those in which there is essential 
unanimity on which problems are considered important and which 
techniques are appropriate to their solution. The more slowly growing 
areas are more difficult to characterize. 

In my own area, ecology, there is an intermediate growth rate, despite 
a general sense of the practical urgency of certain ecological problems. 

Every year,‘ new ecological programs are starting at various points 
around the world. In calorimetry, the first work was done less than six 
years ago but the number of laboratories engaged has gone from one to 
more than ten in that time. Six years ago, life table data for animals were 
almost absent, but Alex Comfort, in revising his book on senescence in 
1964, had simply to drop the project of summarizing the existing litera- 
ture [2]. New journals and review series are appearing on all the con- 
tinents. The demand for teachers far outruns our supply. 

However, while the field grows in a satisfactory fashion, the growth 
does not have the monolithic, Gargantuan aspect that characterizes the 
burgeoning of, say, cell biology. The number of good quantitative ecolo- 
gists is in the thirties or forties for the entire world, rather than the 
thousands of biochemists and geneticists. 

This relatively slow growth, combined with the lack of emergence of 
any one central problem which acts as a bandwagon for all of the field, 
implies that quantitative ecology is an unfinished or incomplete field in 
some different sense from genetics or nuclear physics. While all the rami- 
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fications of genetics and nuclear physics are not yet known, there is 
general consensus on the present broad theoretical format of these fields. 
While new facts are yet to be found and present theories may be over- 
thrown, it is at least clear which ideas are most significant to test. Ecology, 
on the other hand, does not yet have any central theoretical formulation. 
I will try to explain, in part, the relatively slow and diffuse growth pattern 
of ecology and will then discuss some of the problems raised by sciences 
that share the incomplete character of ecology. I will then contend that 
there exist sciences whose present significance lies in the formulation 
of new thought patterns rather than in the prediction of events in terms 
of the more traditional mathematical and logical systems. 

Initially, ecological theory had the avowed intent of quantifying 
natural history, but this is itself an ambiguous concept. To count all the 
animals on earth and then publish that number is a trivial kind of 
activity. It is, however, far from trivial to develop a theory which permits 
prediction of the total number of animals from a reasonably small group 
of measurements—in fact, it would be an intellectual triumph of major 
proportions. 

The attempt to develop a quantitative theory of ecology, starting with 
the pioneer studies of Lotka, Voltera, D’Ancona, Kostitsyn, and others 
(3, was probably motivated by the conviction that underlying the end- 
less special case descriptions of the interactions between organisms and 
their environments lay a relatively simple mathematical theory. Re- 
peatedly, the analogy with one or another branch of physics appeared 
in their writing and still appears in current papers j4]. Some of the ques- 
tions that are asked also have about them an air of physics-like gen- 
erality. 


What is the pattern of population growth? 
Is'there a constant ecological efficiency? ... or more naively 
What determines the numbers of animals? ... and so on. 


These are eminently fair questions, but in the experimental and field 
analyses several things became apparent. For example, the simple 
models of population growth, beloved of the mathematician and ideally 
amenable to grandiose theory formation, simply do not hold. The lovely 
sigmoid pattern found in certain protozoa and bacteria does not generally 
happen in metazoans, and if it does happen, it happens for the wrong 
reasons. That is, an elegantly simple mathematical expression for sigmoid 
growth is 


pu = aN — bN? 
For bacteria, a and b have operationally clear meanings of a simple 


kind and N is an enumeration. For metazoans a similar shape may, under 
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certain cireumstances, arise, but the equation nevertheless doesn't apply 
Since, among other things, N has no operational meaning—an old animal 
is not equivalent to a young one nor is a large one equivalent to a small 
one, etc. It is still possible to develop mathematical theories of popula- 
tion growth but they begin to take on the aspect of coffer hypotheses— 
long series of special constants and elaborations are introduced to make 
the mathematical theory fit some particular example or case—and on * 
occasion, this, in itself, can become a fascinating exercise in the solution 
of practical problems, the use of computers, or in the development of 
applied mathematics [5]. However, while special cases can be successfully 
analyzed, generalizations derived from them have not been remarkably 
produetive. 

One attempted solution, in the face of this difficulty, is to abandon all 
effort at maintaining the correspondence between mathematical theory 
and field observation and to develop rather elegant mathematical formu- 
lations which provide insight rather than prediction. Typically this type 
of analysis is designed to make an apparently paradoxical set of events 
intuitively acceptable. For example, numerous cases are known in which 
reproductive potential seems to have decreased during the course of 
evolution, in apparent contradiction to certain general evolutionary 
theorems. Various, plausible sounding, abstract systems have been 
constructed to demonstrate how this might have occurred (5j. The dif- 
fieulty here is in deciding how these hypothetical systems relate either to 
more conventional systems with predictive value or to any specific 
natural situation. 

This is not equivalent to saying that only field observation can be used 
to explain field phenomena—in fact, it is almost certain at the moment 
that field observation by itself, in the absence of laboratory and theoret- 
ical study, is almost useless in providing explanations. The way in 
which the various kinds of study fit together is that theoretical and lab- 
oratory analyses can provide limits for the possible functions of various 
processes in the field—thereby permitting, and, in fact, making possible, 
decisions between various alternative hypotheses with respect to field 
data. 

For example, populations of hydra in any particular area of a small 
lake tend to fluctuate rapidly. Laboratory populations of the same animal 
do not seem capable of inereasing at the rate observed in the field, im- 
plying that the animals which appear at any point in the lake have in 
part originated elsewhere. Simultaneous collections from various parts of 
the lake show that sudden increases in one place are fairly well correlated 
with disappearances elsewhere, as if the hydra migrated, but the observed 
rate of movement of hydra in the lake is inadequate to account for the 
migrations (7j. Under deleterious conditions in the laboratory, hydra will 
secrete a gas bubble at the pedal disc, and float from the substrate, sink- 
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ing when the bubble is either burst or lost. This of course provides an 
ideal mechanism for animals to leave one place in a lake and rapidly ac- 
cumulate somewhere else. Crowding, as such, triggers bubble formation 
I8]. In this case, the laboratory study and the field study lean on each 
other. Both of these grew out of a laboratory study on population dy- 
namics in hydra which was undertaken to determine the efficiency with 
* which hydra can transform food into flesh that can be consumed by a pred- 
ator, and more particularly to see if this efficiency is the same as that 
of Daphnia. (Incidentally it is, and this also poses a problem in its own 
right r1.) The Daphnia experiments [0] in turn grew out of an attempt to 
see if the mathematically elegant logistic equation really applies to 
metazoans (which it does not). 

The sequence of studies indicated above is typical of many of the 
various studies that have been made in quantitative ecology. We start 
with a high standard of mathematical elegance which generates plausible 
sounding statements. At some point, these statements are experimentally 
or observationally tested. Typically, they are refuted in a limited sense, 
(as for example, while Daphnia populations do not grow according to the 
logistic equation, I can concisely describe how they do grow by saying 
“Tt is like the logistic equation, if the logistic equation would take cogni- 
zance of time lags and differences in both needs and contributions of 
different kinds of animals,”) but the empirical studies themselves are 
sufficiently fascinating to generate their own hypotheses and further 
empirieal work. Finally, we find that we are talking about some very 
specific mechanism, like the bubble formation of hydra, which essen- 
tially brings us to another ecological generality. That is, on the basis of 
laboratory studies with Daphnia, fungus flies, mice, and other organisms, 
it is fair to say that every population has some mechanism of escaping 
from its environment as that environment begins to become crowded. 
The physiological basis of the escape mechanism varies from species to 
species but its ecological role seems constant. We could predict there- 
fore that hydra would have some escape mechanism but we could not 
have predicted that it would involve making a bubble i111. 

In short, we are talking about a research area that generates its own 
problems and generalizations and, in that sense, is a delightful thing to 
work with; but notice how we have departed from the original dream of a 
physies-ike theory with high mathematical elegance. The critical in- 
completeness of quantitative ecology lies in its mathematical aspect, 
which is extremely odd since most of the subareas of ecology start from 
a mathematical formulation as clear as that of any physical problem. 
Despite the long time, the competent minds, and the plethora of data, 
progress in the mathematics of mathematical ecology has not been as 
satisfactory as one might have hoped in, say, 1945. I suspect that the ex- 
planation for this lies partly in the illegitimacy of the analogy with physics. 
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'The world of the physicist, even with the eurrent rash of new parti- 
cles and particle-like objects, consists of not more than one hundred 
different entities, each one of which is characterizable by a set of state 
measurements of not more than 20 or 30 variables. While the possible 
modes of interaction of this many components may well overtax even 
a large computer, it is nevertheless the case that a mathematical model 
is in one sense feasible, even if it may not be a numerical model. 

The relation between physical phenomena and the mathematics of 
physieal theory involves the generation by experimental observational 
data of a kind of mathematics, or of logic, such that one-to-one corre- 
spondence can be established between the admissible statements of the 
mathematies and conceivable observations in nature. 

The complexity and richness of this type of theory is intimately re- 
lated to the relation between the number of predictions that arise, the 
number of manipulative operations permitted, and the number of assump- 
tions and definitions that were required to construet the theory. In 
general, “better” theories are those in which a small planting of assump- 
tions and definitions and rules yields a rich harvest of testable con- 
sequences (as Mark Twain almost said) m2). A theoretical advance con- 
sists in demonstrating that one or more of the rules or definitions that 
had been used to predict a given class of phenomena are in some sense 
redundant. Occasionally, a theoretician is willing to abandon the attempt 
to predict a class of phenomena, restricting himself to a subclass, if, in 
return for this restriction, he can discard a fairly large share of his 
rules and assumptions. 

A “bad” theory, in the eyes of a physicist, on the other hand, has a 
relatively very large number of rules and assumptions for the amount of 
predictive power. This criterion of the quality of a theory is essentially 
an aesthetic one—which has been adopted by mathematicians as almost 
their sole criterion of quality n3]. Ecologists who collaborate with mathe- 
maticians are familiar with the frustrating event of having the mathe- 
maticians produce elegant looking theories for slightly simpler problems 
than the ecologists had in mind. 

'There do exist respectable sciences that have essentially no theory 
at all in the physicists' sense. Mineralogy and, to an even greater extent, 
taxonomy are primarily concerned with framing assumptions—for in 
essence a definition is an assumption, and the naming of a species is a 
definition. Nevertheless, the distinction is made between good taxonomy 
and bad taxonomy and perhaps more significantly between good taxono- 
mists and bad taxonomists. That is, the normal criteria of scientific 
quality, which we use as biologists, are not the same as those of the 
physicist and mathematician. 

Perhaps the key to understanding the incompleteness of the more 
mathematical aspects of quantitative ecology is to assume that the 
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differences in the criteria of quality that do, in fact, exist between mathe- 
matics and physics on one hand and biology on the other are not merely a 
matter of the comparative tastes and personalities of biologists as op- 
posed to those of physicists but are in some sense intrinsic. (Note the 
diminishing self-confidence of the biophysieal converts to biology.) Tt is 
almost as if a theory can only contain a certain amount of complexity. 

°If it is composed of simple elements it can generate complex theorems 
and if it is composed of intrinsically complex elements it can only gener- 
ate relatively simple theorems, in the sense of being very closely related 
to the definitions and assumptions [14]. 

Is there any reason why biological systems might choose to be of the 
second sort rather than the first sort—why—specifically, they might 
“choose” to use complex special mechanisms to solve certain problems? 
This is a rather peculiar problem and must be examined carefully. 

The physical world involves a small number of particles and their 
very rich family of interactions, and this fact is the key to the relative 
success of the physicists’ standard of elegance as actually applied. The 
biological world incorporates these particles and their interactions 
in large packages and each package seems to have a relatively small 
number of rather specific things that it can do, which differ to a large de- 
gree from. those that any other species can do. 

Not all of the responses of a biological system are specific—that is, to 
certain classes of general environmental changes, populations respond 
by altering the rates of rather generalized processes, reproduce faster, 
change their life expectancy distributions or feeding rate, etc. It is with 
this class of phenomena that quantitative ecology, in its narrow sense of 
a quasi-physical theory, has its greatest success. For example, Hairston 
and his co-workers n5] have been able to demonstrate that rather slight 
environmental changes, producing relatively slight changes in the life 
expectancy of an intermediate host, can effectively produce a major re- 
duction in schistosome populations, while direct killing of the inter- 
mediate host would not work in the absence of habitat alteration. This 
kind of result only arises from the theory of quantitative ecology and 
has in fact already shown itself of major practical and intellectual sig- 
nificance. 

But, as the theory is developed for any population, a point is reached 
at which the organism plays what might best be described as a trick— 
pulls out a new tool of a very specific kind which has some very specific 
function relevant to the environment of that particular species. For 
example, it has recently been shown that a species of rotifer, Brachionus 
calyciflorus, when in the presence of predatory rotifers, either Asplanchna 
sieboldi, A. girodi, A. brightwelli, or A. predenta, as a response to a specific 
chemical secreted by the predator, develops enlarged spines which make 
them inedible! ne] No respectable mathematical theory can be expected 
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to forecast anything like that nor should it be expected to. It is, however, 
a legitimate question of ecological theory to ask: When will an organism 
or species evolve a trick and when will it not? 

In fact a partial response to this question can be formulated in terms 
of an evolutionary argument, too long to recapitulate here n7j. The 
problem of the development of specific mechanisms to face specific prob- 
lems seems to depend on the clarity with which the organism can recog- 
nize the problem, the degree to which the problem would alter biological 
rates if the specific mechanism were not available, and the frequency with 
which the problem arises—analogous to a degree to the problem of when 
is it worthwhile to own five or six screwdrivers, each with a specific 
function, rather than one with fair competence to handle a spectrum of 
jobs. 

The incompleteness of ecology seems to be based on empirical facts, 
and must be explained in empirical terms. A possible general explanation 
is suggested by Von Neumann’s discussion of the relation between brain- 
like digital computers and actual brains 118). He pointed out that the num- 
ber of digits carried in a number in many kinds of digital computers is 
well in excess of the number of significant figures in most empirical 
measurements. This is necessary since most computer programs in- 
volve a sequential series of steps which quickly accumulate rounding 
errors. He then considered the neuron as a possible element of a com- 
puter-like system and concluded that the precision of neuronal response 
is so low that, if neuronal systems functioned in the same fashion as these 
computer elements, the precision of the final response would be exces- 
sively low. He concluded that there exists some other type of theory 
which would properly describe events in a brain and that this type of 
theory is lacking in arithmetical and logical "depth." That is, it is lack- 
ing in long chains of operations or arguments. The degree to which this 
concept can be related to ecological events is not completely self-evident. 
It seems clear, however, that the response of organisms to environmental 
change is of the same order of precision as that of individual neurons, 
certainly not higher. It is also clear that accumulation of variance with 
time in any property of a population generally does not occur and would 
be disastrous.if it did occur m9}. 

I have suggested elsewhere n7) the possibility that the process of 
evolutionary adaptation consists of a hierarchical system of relatively 
simple feedback units in which many elements in the system are as- 
sumed to have essentially direct access to the environment, thereby mini- 
mizing the length of sequential processes. This scheme may in fact be 
incorrect but it does demonstrate the possibility of making formulations 
explicitly for biological problems, without attempting to force the biology 
into a pre-existing mathematical mold. 

This does not deny that, on occasion, insight derived from mathe- 
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matics may prove extremely useful, nor does it deny the likelihood that 
biological insights may provide raw material for new developments in 
mathematics. I am strongly convinced, however, that, to insist on the 
theory of biology conforming to aesthetic standards derived from ex- 
tant mathematics is illegitimate and is, in fact, an imposition of meta- 
physical criteria on the empirical world. Empirical sciences must de- 

.velop their own standards of quality and cannot take refuge from the 
necessity of thought in the shadow of Newton or Euclid. 

The above statement, whose partial validity cannot be seriously 
questioned, has certain very important implications. Specifically, it im- 
plies that scientific research quality can not legitimately be evaluated by 
its degree of conformity to any preconception of its mathematical form. 

I can now return to the initial question: Why do certain areas of re- 

: search tend to develop more rapidly than others? Several components 
enter into the growth rate of a science, each to an uncertain degree. 
One of the most obvious and legitimate is the need of various social 
agencies for certain clearly visualizable information which can only be 
produced as the result of scientific research. 

Several enlightened governments, during and since the Second World 
War, have apparently come to the conclusion that the specific demands 
that a government may want to make of its scientific establishment can- 
not generally be foreseen in detail. It can be predicted that, from time to 
time, questions will arise which will require specific scientific answers. 
It is therefore generally valuable to treat the scientific establishment as 
a resource or machine which must be kept in functional order. This 
seems to be most effectively done by supporting a certain amount of 
research which is, frankly, not related to immediate goals, but might 
be of consequence in the future. Either the questions asked may later 
prove important or the kind of intellectual and physical aetivity in- 
volved in the research might be applieable to other research projects 
which, in turn, might have practical significance. 

This kind of support, like all government support, requires decisions 
as to the appropriate recipients of funds. As indicated above, decisions 
based on utility as opposed to lack of utility are straightforward. Within 
the class of low immediate utility projects the decision process changes 
its character and becomes more difficult. The goal of the supporting 
agencies and their referees is the laudable one of supporting “good” as 
opposed to "bad" science; “important” as opposed to “unimportant” 
Science. 

The idea of good science tends to become confounded with either the 
capacity of the field in question to generate an elegant theory in the 
sense that Newtonian physics or Mendelian géneties generates an 
elegant theory or the hope that it will do so in the near future, in the 
sense that modern nuclear physics may generate an elegant theory in the 
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near future. It seems likely, however, that the concept of elegance, 
narrowly defined, is irrelevant to certain areas of the empirical world. 
Obsession with elegance will tend to concentrate effort on only limited 
portions of reality. There are indications that this is now happening. 

A disenchanted friend of mine described modern experimental physics 
as “a dance performed around a bubble chamber" and, to an equal 
degree, biology threatens to become a study in DNA engineering. 
Various individuals, schools, and agencies have been issuing proclama- 
tions defining the “important problems" of biology and the more 
fundamentalistic of these have actually eliminated those fields they con- 
sider unimportant from various departments, curricula, and even uni- 
versities. 

The differences in relative growth of scientific areas are, therefore, seen 
to have several components. Some of these components are completely 
legitimate results of social needs, or at least of what are assumed to be 
social needs. Others are a legitimate consequence of particular advances 
being to some extent self-accelerating. I have been calling attention here 
to a less legitimate process of differential growth in which preconceptions 
of the form scientific theory ought to take, by persons in authority, 
act to alter the growth pattern of different areas. This is a new problem 
which is probably not yet ineradicable; but it is a frightening and terri- 
bly twentieth century trend, perhaps ultimately even more dangerous 
than the strange meanings that have been recently given to words like 
freedom and peace. 

The greatest intellectual cintbudon made by science to mankind is 
the idea that: human senses, suitably extended by various stratagems 
and devices, are capable of providing valid information about the world. 
Furthermore, this information requires the construction of appropriate 
theoretical frameworks before predictions and insights can be gained. 
The theoretical framework cannot be imposed å priori. To say thateall of 
biology should have an elegant mathematical framework is as much of an 
imposition of metaphysics on observation as it was to say that the only 
suitable astronomic theories must involve cycles and epicycles, or that 
genetic data must conform to the principles of Marxian dialectics. 

Traditionally, science consisted of an “account of the present under- 
takings, studiés and labours of the ingenious in many considerable parts 
of the world." This passage was published on the title page of each 
volume of the Philosophical Transactions of the Royal Society of London 
until 1775. It was then eliminated, as if, by then, science needed no defini- 
tion. Perhaps it is significant that shortly before the Royal Society 
found it no longer necessary to define science it did seem vital to protect 
the public from persons who would use science for self-aggrandizement. 
Starting in 1761, an "Advertisement" was printed in each volume of the 
Transactions, in effect warning the publie against considering publica- 
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tion of an idea in a scientific journal as providing the imprimatur of the 
scientific establishment for the validity of the idea. This Advertisement 
appeared for the last time in 1936. 

Long before 1936, science had become a reasonably lucrative profes- 
sion. To pretend that science is a kind of genteel intellectual game had 
not been possible for many years. Perhaps this is why the Advertisement 

* was dropped from the Transactions, but I do not actually know. 

The fact that science has become an adjunct of national policy does 
not, in itself, necessarily eliminate the possibility of new and radical 
concepts arising from science. This possibility will be eliminated, how- 
ever, as soon as the central authorities of scientific administration no 
longer feel embarrassed in closing whole areas of research as ‘‘unimpor- 
tant.” 

Any system of intellectual constructs which is espoused by the agents 
of secular power seems to generate its own metaphysical orthodoxy. 
Science fought its way free of government-sponsored religion only to 
threaten now to become the new established church. 

I hope that I have demonstrated at least in part, that the world is 
so made that elegant systems (in one traditional sense) are in principle 
unable to deal with some of its more fascinating and delightful aspects. 
New forms of thought as well as new subjects for thought must arise in 
the future as they have in the past, giving rise to new standards of ele- 
gance io]. To say that a region of the world is but poorly described by 
existing kinds of theory is an affirmation of the possibility of intellectual 
advance, not a denial. 

As for the future of ecology? I can only deny the usefulness of all shib- 
boleths. Our future lies in full utilization of our intellect. Just as astrono- 
mers will not accept a map of the cosmos which places the sun at either 
the center or the edge, we must act as if we are neither at the beginning 
nor the end of our scientific progress. All of this may have been obvious 
in the seventeenth century but, in the twentieth, it may be worth re- 
stating. 
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THE ORGANIC CHEMISTRY OF SEA WATER 


By PETER J. WANGERSKY 


o MANY of us, the concept of the sea as a source of wealth, unlimited 

but difficult to obtain, is a natural and familiar one. As a youth in a 
New England manufacturing and seaport town, I was well aware of the 
hazards and rewards of the Grand Banks longline fishery, even though 
that fishery had long been mechanized. Only the Portuguese fishermen 
still made the trip to the distant fishing grounds in sailing vessels and 
tended their lines from dories, and only the small Italian grocery stores 
still carried dried salted cod as a staple. A trip to the lobster pound, 
decorated with the exoskeletons of what must surely have been the an- 
cestral, almost legendary, lobsters, was an expedition for a summer Sun- 
day, and almost every school year included a day at a museum devoted 
to relics of the now-extinct whale fishery. We children stared at the 
great skeletons suspended from the ceiling and wondered, a little dis- 
believing, that any creature so large could survive on a diet of the 
tiny krill. By contrast, the story of Jonah seemed almost more con- 
vincing. 

As an adult, taking my living from the sea the easy way, as an oceanog- 
rapher, the question of marine productivity became a matter of pro- 
fessional as well as personal interest. However, productivity was no 
longer defined in terms of bushels of clams, pounds of shrimp, or number 
of shore dinners, but as grams of organic carbon fixed by photosynthesis 
in a given time period—a more basic but somehow less romantic unit. 

It would seem to the casual observer that the measurement of this 
primary productivity should be fairly simple. All that needs to be done 
is to ‘isolate a sample of water, measure its organic carbon content, let 
the phytoplankton grow for a given period, and then measure the in- 
crease in organic carbon. A straightforward procedure, with almost no 
chance for error other than the usual analytical errors, it must surely 
have been done on almost every body of water in the world by now. 
However, sea water is a medium of a complexity sufficient to dismay any 
right-thinking analytical chemist, and it is only recently that methods of 
carbon analysis simple enough for large-scale sampling programs have 
been devised. With the advent of the gas chromatograph and the non- 
dispersive infrared CO, analyzer, both instruments capable of ship- 
board use on the newer oceanographic vessels, we are beginning to get 
a clearer picture of the distribution of organic carbon in the oceans. 
There are also some nonanalytical problems inherent in the definition 
of productivity which complicate the interpretation of what results we 
do have. 
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It has long been evident that the amount of carbon tied up in dis- 
solved organic matter is many times greater than the amount incorpo- 
rated into marine organisms. Early analyses generally established this 
ratio as 300:1; in more recent work the ratio has been closer to 100:1. 
While it is possible to determine the carbon content of plankton caught 
by net tows with some accuracy, the smaller plankton, which must be 
caught by filtration, cannot be separated from the nonliving particulate 
matter. The plankton carbon figure is therefore a minimum figure at 
best, usually including only those larger forms collected by net tows. 


The dissolved organic carbon is usually determined by some form of 
wet oxidation, and is also a minimum figure, since not all organic com- 
pounds can be completely oxidized to COs by wet methods. A great 
deal of effort and ingenuity have gone into devising more accurate and 
sensitive methods for measuring the CO; evolved by the oxidation; this 
line of research has reached the point of diminishing returns. Future 
effort should be concentrated on the handling of the sample before analy- 
sis and on the oxidation process itself. The older methods were troubled 
by interference from the chlorine freed by the acidic oxidation reagents, 
and sometimes avoided this interference by precipitation of the chlo- 
rides. Such precipitation may also remove organic compounds by ad- 
sorption on the inorganic particles. The agreement between the various 
methods of combustion, wet and dry, has not been striking; the 
dry methods typically give carbon values 2-10 times higher than the 
wet methods. These analytical differences must be resolved, at least to 
the point where we know we are all measuring the same things. 


Within these admittedly rather severe methodological limitations, the 
distribution of organie carbon in the oceans is fairly well agreed upon. 
The dissolved fraction, as determined by wet combustion methods, nor- 
mally ranges between 0.5-1.2 mg C/liter, with the higher values «found 
in the surface waters. Below the euphotic zone the concentrations vary 
irregularly, with at least a suggestion, in data taken in the North At- 
lantic by Duursma 1], of a correlation between carbon and oxygen dis- 
tributions. Measurements of particulate organic carbon, including 
planktonic organisms, are generally about 10% of the dissolved organic 
carbon values, or 100-150 ug C/liter in surface waters and perhaps 30— 
50 ug C/liter in deeper waters. There appears to be no marked decrease 
with depth after the first hundred meters. 


The impossibility of separating small planktonic organisms from large 
pieces of detritus permits us to make only rough estimates of the detri- 
tus:living organisms ratio. Parsons and Strickland (sj, on the basis of 
total particulate organic carbon and chlorophyll analyses, reported a 
ratio of 500:1. Riley, et al. 131, considered the phytoplankton carbon 
to account for something less than 10% of the particulate organic car- 
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bon, with the phytoplankton carbon estimated from measurements of 
cell volume. 

We have, then, over much of the ocean, a soluble organic carbon con- 
tent of around 500 „g/liter, and a total particulate organic carbon con- 
tent of perhaps 50 ug/liter, all ultimately derived from a surface popula- 
tion of phytoplankton of some 5 ug C/liter. This is a weighty inverted 
pyramid for the phytoplankton population to support. If we consider the 
detritus to be entirely the remnants of dead phytoplankton, the con- 
stancy of its concentration with depth suggests that these materials are 
not used to any extent by the zooplankton and deep-water fish, and are 
probably composed of compounds resistant to further metabolic proc- 
esses. In the same manner, the still greater concentrations of dissolved 
organic materials led early workers in this field to assume that the bulk 
of the dissolved materials must be extremely resistant to decomposition, 
with perhaps a lignin-like structure. In general, it was considered that 
the organic material in true solution took little part in the metabolic 
cycle in the.ocean, and was probably slowly oxidized to CO: by chemi- 
cal reaction with the dissolved oxygen of the deep water. 


Pitter and Krogh: Dissolved Organic Carbon 


Certainly not all biologists believed in the inertness of the dissolved 
fraction. In 1909, Pütter [4j advanced the hypothesis that some marine 
organisms might obtain much of their food by direct absorption of dis- 
solved organie earbon. Unfortunately, he had no way of identifying the 
compounds present in sea water, and his method of analysis for organic 
carbon gave rather high values. 

In a series of papers published in the early 1930's, Krogh and his co- 
workers [5] developed a better micro-method for dissolved organic car- 
bon in sea water and examined the whole question of production and 
utilizAtion of dissolved organic compounds. Krogh established a ratio of 
dissolved: organism carbon of 300:1, with lower ratios in the surface 
waters. He concluded that it was entirely unlikely that phytoplankton 
organisms should diffuse dissolved organic materials out into their sur- 
rounding medium during normal growth, and that the production of 
such materials in culture medium was brought about by autolysis of 
dying organisms. He further concluded that, although some marine 
animals could be shown to absorb simple organic compounds from their 
medium, it was unlikely that such an effect would be important in the 
oceans, both because of the low concentrations of organic compounds in 
the sea and because of the “‘undigestibility” of the compounds present. 

The logic and finality of his conclusions were such that research along 
these lines almost stopped for about twenty years. The major unsolved 
problem seemed to be the nature of the organic compounds present in 
sea water, and the solution of this problem depended, at least in part, on 
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the development of techniques and instrumentation for micro- and sub- 
micro-analysis and upon the availability of bacteria-free pure cultures of 
phytoplankton organisms. 

The possible validity of Piitter’s hypothesis, at least for shallow-water 
bottom organisms, was suggested again in the early 1950’s by A. W. 
Collier and his co-workers {s}, who demonstrated that the oyster (Crasso- 
strea virginica Gmelin) responded to the presence of some carbohydrate," 
or some compound associated with a carbohydrate, by beginning to feed 
when a threshold value of the carbohydrate was reached. Analyses of 
water before and after passage through the oyster showed that a con- 
siderable part of the carbohydrate was removed by the oyster. While 
the amount removed varied considerably with different oysters, as 
much as 50 mg/hour could be removed by a single oyster. To the best of 
my knowledge, this has been the only demonstration of direct absorption 
of dissolved organic matter by a marine animal under natural condi- 
tions, although Stephens [7j has shown that such absorption is possible 
with almost any soft-bodied marine invertebrate, and Johnson, et al. (81, 
have found that labeled amino acids can be taken up from solution by 
the conch and used in the formation of both shell carbonate and organic 
shell matrix. 

With the second of Krogh's conclusions, that it is unlikely that plank- 
tonie organisms would diffuse out organic materials during normal 
growth, I can only agree. It is unlikely, but it seems to be quite common. 
Almost every phytoplankton organism studied has been shown to diffuse 
small organic molecules into its medium, and almost any organic mole- 
cule of biological interest has been shown to be given off by some or- 
ganism. 

No really systematic work on this excretion of dissolved organic 
material by pure cultures of phytoplankton organisms has yet been 
published, and the field remains in a state of chaos. The information 
available is scattered through a wide variety of sources. A need exists 
for a critical review of the field, with the information on production of 
specific compounds classified along taxonomic lines. Some sort of order 
should arise when enough of this information is gathered together. 
Vallentyne [9], in 1957, reviewed the field of naturally occurring organic 
materials in solution in great detail, but from the viewpoint of enumera- 
tion of the kinds of compounds found in nature rather than their excre- 
tion by specific organisms. While his paper might well serve as a starting 
point for a newer review, the field has expanded considerably in the past 
eight years. 

The evolutionary aspects of this seemingly wasteful excretion are most 
puzzling. A number of possible explanations have been forwarded, 
ranging from the removal of toxic trace metals by chelation to the prepa- 
ration of a store of organic material for later heterotrophic growth, in 
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the absence of light. Perhaps one of the most interesting ideas, proposed 
by Collier, is that the production of extracellular organic material is 
part of a symbiotic relationship. Many of the marine phytoplankton 
show a requirement for vitamins when grown in pure culture, Bi; being 
most commonly required. These vitamins, seldom in short supply in the 
sea, are produced by marine bacteria. Collier postulates that phyto- 
° plankton produce the organic medium and the surfaces upon which the 
bacteria flourish, and the bacteria in turn furnish the phytoplankton 
with necessary vitamins and growth supplements. 

While it is possible to find examples of each of the mechanisms pro- 
posed, none of the explanations seems altogether convincing, since the 
variety of compounds excreted is so great. Many of the compounds 
found are not chelators, and the completely autotrophic diatoms produce 
as great a variety of compounds as do the heterotrophic, By-requiring 
dinoflagellates. It would seem more profitable, also, to store excess car- 
bon internally, rather than to throw it away and hope to find it again 
after dark. I would suggest that this excretion may be primarily a matter 
of cost accounting; that the construction of a system able to absorb 
inorganic ions from solution and at the same time retain small organic 
molecules might require more energy than is lost by the diffusion of or- 
ganic compounds produced in excess of immediate needs; and that the 
many mechanisms and relationships involving the organic compounds 
are secondary phenomena, arising from the availability of these com- 
pounds. 

The habit is not unique with marine phytoplankton. Many plant 
cells, such as the cambium cells of the sycamore, exhibit the same be- 
havior in tissue culture. The evolutionary usefulness of this procedure in 
organisms displaying division of labor between cells is perhaps somewhat 
more obvious. The beginnings of the process, in the single-celled plants, 
seem obscure, although:it has been suggested that we might consider the 
oceanic phytoplankton as one very large, very sloppily organized tree. 

There is still some question as to the composition of the organic com- 
pounds present in the deeper water. It may be that the simpler com- 
pounds released by phytoplankton in the surface waters are quickly 
used by other organisms, so that only the more resistant compounds get 
to the deeper water. The correlation between dissolved oxygen and or- 
ganic carbon suggested by Duursma’s data implies that the compounds 
in even the deepest water can be oxidized to some extent, although the 
mechanism of utilization, biological or chemical, is not specified. The 
question of composition must be settled by isolation and identification 
of specific compounds, not the easiest of tasks at the submicrogram level. 


Particulate Matter: Origin and Fate 
The origin and fate of the particulate matter in the sea did not at first 
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seem so complicated. We have evidence from numberless phytoplankton 
culture experiments that dead cells disintegrate into a kind of featureless 
gunk, not too different from that which we find in suspension in the sea. 
Since both benthic organisms and zooplankton are adapted for gathering 
such amorphous particles, and since bacteria in the sea are found princi- 
pally on such particles, the eventual utilization of their organic content 
and remineralization of any inorganic components, such as nitrate or 
phosphate, were assumed. At least this part of the carbon cycle in the 
sea seemed fairly straightforward, although the constancy of particulate 
carbon content with depth was annoyingly difficult to explain. 

In 1961, Baylor, Sutcliffe, and Hirschfeld [0] found that inorganic 
phosphate could be removed from sea water by aeration. The process 
did not remove inorganic phosphate from artificial sea water, and the 
authors postulated that the removal was due to the collection of phos- 
phate on organic matter concentrated on the surfaces of air bubbles. 
In a later paper, Sutcliffe, Baylor, and Menzel t11) demonstrated the 
formation of aggregates of organic material containing adsorbed phos- 
phate by aeration of filtered sea water. The aggregates thus formed werc 
of a size usable as food by zooplankton. The authors suggested that such 
aggregates would be accumulated in windrows by light winds, and that 
such windrows could be found by looking for local increases in turbidity. 
Such collections were found both in the Sargasso Sea and in the ocean 
off Woods Hole. The nutritional value of these particles was demon- 
strated in a later series of experiments, where the authors compared the 
growth of cultures of the brine shrimp, Artemia salina, fed only on such 
particles, with that of cultures fed on dried yeast. While the growth 
rate of the animals fed on aggregates was slower than that of the yeast- 
fed animals, the difference was small and may have been due simply to 
the smaller total food supply furnished by the aggregates. Equivalent 
rates of growth might have been achieved by increasing the aggregate 
concentration, since the water in the culture vessels was always swept 
clean of aggregates by the feeding animals before the next feeding. 
Control cultures, fed nothing at all, quickly died out. 

A chain of possibilities had thus been established by this series of ex- 
periments. A portion of the organic material dissolved in sea water could 
be removed from solution by adsorption on the surfaces of bubbles, and 
subsequent incorporation into organic aggregates. These aggregates 
would then be capable of serving as a food source for zooplankton and 
benthie organisms, as well as of furnishing excellent surfaces and sub- 
Strates for bacterial growth. This mechanism would permit utilization 
of at least part of the vast supply of organie carbon present in solution in 
the ocean. The next step, converting the possibilities into probabilities, 
required estimation of the quantities of carbon involved in these re- 
actions in nature. 
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G. A. Riley had been interested for some time in the role of particu- 
late matter in the annual cycle of productivity in the ocean. Working in 
their own duckpond, Long Island Sound, a group of biological and chem- 
ical oceanographers at the Bingham Oceanographic Laboratory had 
measured the yearly cycles of plankton and particulate abundance and 
of phosphate, nitrogen, and dissolved carbohydrate fluctuation. The 
peak of the cycle of particulate abundance coincided with the spring 
flowering, but a considerable concentration of particulate matter was 
evident throughout the late autumn and winter, when phytoplankton 
populations were low. If the particulate matter were solely the products 
of degradation of phytoplankton remains, the half-life of the particulate 
matter through the winter months would have to be fairly long in order 
to maintain such high concentrations. Also, the peak of the aggregate 
population was disproportionately larger than the peak of the co-occur- 
ring phytoplankton flowering. The seasonal cycle of aggregate concen- 
tration agreed only in part with that of the phytoplankton. 

The work on the formation of aggregates by bubbling suggested that 
the high particulate level during late autumn and winter might be sup- 
ported by the conversion of dissolved organic carbon to aggregates by 
this mechanism. Samples of Long Island Sound water were accordingly 
filtered and bubbled, and the resulting aggregates examined. The aggre- 
gates formed in this manner looked remarkably like the unbacterized 
aggregates found in the Sound during the spring bloom. After the mate- 
rial had been sitting around a while, and had been colonized by bacteria, 
the resemblence to naturally occurring aggregates was even stronger. 

A few words about the appearance of the aggregates might be in order 
at this point. Aggregates newly formed from filtered sea water com- 
monly look like bits of cellophane. They are transparent, almost color- 
less, thin and plate-like, with definite, sharp edges. As bacteria begin to 
colonize the particles, the sharp edges become fuzzy and dark spots 
appear on the hitherto transparent aggregate. However, at no time do 
the particles approach the flocculent fuzziness of the materials found in 
dying plankton cultures. 

Since much of the dissolved organic carbon in sea water may be a re- 
sult of phytoplankton metabolism, the media in which pure cultures of 
these organisms had been grown should also furnish aggregates when 
bubbled. Therefore, culture medium taken from pure cultures of the 
locally important phytoplankton species was filtered and bubbled. 
Organic aggregates were formed in every case, with diatom cultures 
furnishing somewhat greater quantities than dinoflagellate cultures. The 
amounts of organic carbon in the aggregates ranged from 2~75% of the 
amounts found in the organisms. 

Long Island Sound must be considered to be a special situation in 
many respects; it is relatively shallow, relatively well-mixed, and rel- 
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atively rich in nutrients, the result of run-off from the surrounding land 
masses. What with the drainage from New York and the Connecticut 
manufacturing areas, it is sometimes difficult to convince oceanographers 
that extrapolations from Long Island Sound to the open ocean are alto- 
gether valid. Therefore, information on the distribution of particulate 
organic carbon in blue water was needed. 
At this time I was presented with an opportunity to make a cruise to * 

the west coast of Africa on the RV Trident, research vessel of the Nar- 
ragansett Marine Laboratory. I used this opportunity to take an ex- 
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Fic. 1. Bacterized organic aggregate from Long Island 





tended series of surface and deep samples, from Bermuda to Africa and 
back, collecting particulate organic carbon for chemical and microscopic 
examination. The distribution of particulate carbon in the surface waters 
closely paralleled the distribution of phytoplankton, although less than 
10% of the particulate organic carbon was present in the form of living 
organisms. 

The constancy of the particulate carbon content with depth was 
particularly interesting, in view of the speed with which bacteria could 
find the particles on a microscope slide or in a culture flask. In order for 
this constancy to be maintained, some kind of adsorption onto particles 
must be taking place at depth to offset losses in carbon due to utilization 
by bacteria or zooplankton. Experiments were set up by Dr. Riley to 
test this hypothesis; sea water taken at depth was filtered and then 
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seeded with aggregates formed by bubbling filtered surface water. The 
sample bottles were inverted from time to time to keep the particles in 
suspension. The yields of particulate organic carbon from this process 
were almost the same as the yields obtained by bubbling water from 
immediately adjacent levels in the water column. 
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Fic. 2. Niskin 30-liter sampler being attached to the hy- 
drographie wire by Dr. G. A. Riley and Thomas D'Ambro. 
Photograph courtesy of Dr. Theodore Napora. 





This might seem to be reasonably clear-cut evidence for adsorption 
of organie matter onto pre-existing particles in the absence of bubbles, 
and perhaps the experiments should have stopped at this point. Un- 
fortunately for the peace of mind of the experimenters, controls of 
filtered unseeded sea water showed roughly equivalent gains in partic- 
ulate organie carbon on standing. It is possible that the process of fil- 
tration breaks some of the particles into extremely fine pieces, small 
enough to pass through the filter, and that these pieces serve as nuclei 
for further adsorption and agglomeration. This increase in particulate 
organie carbon in the unbubbled samples not only complicates the 
study of the adsorption process, it also makes the running of controls 
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very difficult for all experiments involving inclusion of materials, or- 
ganic or inorganic, in the aggregates. The question of the role of ad- 
sorption in the transition of organic carbon from dissolved to particulate 
form will probably only be decided when we are able to start with an 
artificial sea water with known amounts of pure organic compounds in 
true solution. 

Another problem waiting upon the identification of the compounds 
involved is the question of the mechanism of formation of the aggre- 
gates. The organic compounds taking part in the aggregation are 
originally in solution. Once the aggregates are formed, they are extremely 
resistant to re-solution. Some sort of chemical change takes place during 
the collection of materials. All of the aggregates analyzed to date have 
contained proteins or peptides, and it may be that the reactions in- 
volved are simply denaturations of these proteins. However, the re- 
actions on bubbles take place on or above the surface layer of the ocean, 
where there is a fairly high energy input in the form of ultraviolet light. 
We must not discount the possibility of other reactions, even some which 
seem thermodynamically unfavorable, taking place. 

The processes of excretion of dissolved organic carbon and incorpora- 
tion of this carbon into aggregates force us to reconsider carefully our 
definition of primary productivity. Should we consider the excreted or- 
ganic compounds as part of the primary productivity, even though some 
of them may not be readily available for further use? If we do decide to 
include them, how do we measure them? The standard C!* productivity 
method measures only the carbon incorporated into particulate matter. 
If we decide to exclude the excreted materials, how do we separate the 
organic carbon in the aggregates from that in the organisms? Until now 
we have considered that incorporation of C4 from bicarbonate in solu- 
tion into organic particles necessarily implied incorporation into an or- 
ganism. However, since O^ picked up as an inorganic ion can be ex- 
creted quickly in the form of dissolved organic carbon, it may well be 
included in aggregates formed from the dissolved organic compounds. 
It would seem to me that our best alternative at the moment is to try 
to measure the net change in organic carbon, both dissolved and partic- 
ulate, in a given time period, recognizing at the same time that we are 
missing a great deal of information on the details of production and 
utilization. If we can learn enough about the mechanisms of aggregate 
formation to enable us to suppress such formation entirely, we may be 
able to work with the separate sections of the carbon system. 

Whether or not we accept aggregate formation as an important step 
in the carbon cycle in the sea, we are forced to accept certain parts. of 
the hypothesis. The presence of large numbers of aggregates in the sur- 
face layers of the ocean, and their rapid depletion in the first hundred 
meters, points out both their origin and their food value. In water taken 
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from any depth it is possible to form new aggregates by filtering and 
bubbling, which suggests that the process does not proceed to total de- 
pletion of dissolved organic matter at the surface. The distribution of 
particulate carbon with depth is another case in point. In every deep 
station for which we have carbon data, the particulate organic carbon 
values below 500 meters are distributed in a random fashion with 
depth, and are usually essentially constant. If we do not accept the 
constant addition of organic material to the particulate phase, we must 
then hold that the particulate material in the deeper water is not used 
either by bacteria or by zooplankton during its passage through the 
water column. This postulate is difficult to accept, since it allows no way 
for the midwater organisms to make a living other than by eating each 
other, in the long run a self-defeating process. We must also hold that 
the same inedible material is quite delicious to benthic organisms and 
sedimentary bacteria, since there is no large accumulation of organic 
materials in the bottom sediments. It seems unlikely that material 
usable by bottom forms would be quite unusable by zooplankton and 
midwater bacteria. 

The organic carbon cycle in the sea has thus become considerably 
more complicated in the last few years, but quantitatively somewhat 
easier to understand. The amounts of food available for bacteria, zoo- 
plankton, and benthic organisms seem much more reasonable if at least 
part of the reservoir of dissolved organic matter can be transformed 
into easily used particulate matter. Any adaptation which would facili- 
tate the finding of these particles should be greatly favored; we should 
perhaps examine zooplankton organisms for mechanisms capable of 
sensing changes in turbidity or turbulence which might be associated 
with accumulations of particles. 


: Geochemical Effects 


A problem associated with the formation of aggregates is their role 
in the geochemistry of minor and trace elements in the ocean. The aggre- 
gates are called organic only by courtesy and precedent, since their or- 
ganic fraction seldom exceeds 30%. In Long Island Sound the remainder 
of the aggregate is composed of the kinds of inorganic debris one would 
expect to find in the Sound—clay particles, mineral fragments, old 
empty diatom frustules, bits of manila from frayed ropes, wood fibers, 
and so forth. If the aggregates were larger, one would almost expect to 
find rusty beer cans and lead sinkers from party fishing boats. In the 
open ocean, the inorganic fraction is a little harder to identify. We have 
found that both the aggregates formed by bubbling filtered sea water 
and those formed by bubbling synthetic sea water medium in which 
phytoplankton organisms have been grown contain about 2.5% calcium 
carbonate. In particulate matter taken from the open ocean the calcium 
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carbonate content is somewhat higher, perhaps as much as 10%. How- 
ever, this includes any calcareous organisms present in the sample. 
Chave [2] has shown that naturally occurring organic aggregates can 
contain discrete crystals of calcium carbonate, usually in the form of 
calcite, and that the calcium carbonate present in sea water in this form 
is not in equilibrium with the sea water. The organic outer coating 
effectively protects it from re-solution, even in water grossly under- e 
saturated with respect to calcium carbonate. 

The contribution of calcium carbonate to the sediment by this 
mechanism is large enough to be important in geochemical terms. If a 
particulate organic carbon content of 35 ug/lter is estimated for the 
deep water, the carbonate attributable to this source would be about 1 
ug/liter, a small amount indeed. However, Riley e£ al. 113) calculated a 
sinking rate for the aggregates of 2 meters/day, primarily on the grounds 
of biological oxygen consumption, resulting in a sedimentation rate of 
0.7 mg em-? yr~ for fine calcium carbonate included in the particles. 
This is an appreciable fraction of the measured rates of fine calcium 
carbonate accumulation, which range from 0.3-1.8 mg cm~? yr—}. 

Manganese is another cation of great interest to geochemists. The 
distribution of manganese in the ocean has always been & puzzle, since 
the valence and oxidation states predicted by the pH and Eh of sea 
water are seldom found. Manganese (II) has been found in the calcite 
of foraminiferal tests and in the fine carbonate fraction of sediments in a 
distribution difficult to explain in terms of simple inorganic reactions. 
The manganese (II) concentration is very low in the surface carbonates, 
but increases linearly with depth in the sediment. Conversely, insoluble 
manganese is high in the surface samples and decreases with depth in 
sediment. A mechanism for putting insoluble manganese into solution 
after sedimentation, linear with depth or time, is needed. It seems likely 
that change in redox potential is not involved, since the distributions of 
other cations are not affected. 

It occurred to us that à possible mechanism might involve the incor- 
poration of Mn(II) into organie aggregates, with sedimentation to the 
sea floor taking place in this form. Utilization of the organic outer coating 
of the aggregates as food by bacteria and other benthie organisms would 
free the Mn(II) into solution in the interstitial water and in the water 
layer just above the sea floor. Collections of naturally occurring aggre- 
gates were analyzed for Mn(II), and amounts of the order of 0.03 ug/ 
liter were found. This small quantity of Mn(II) produces a sedimenta- 
tion rate of 2 yg cm~? yr— of manganese, enough to account for most of 
the manganese present in carbonate sediments. Details of this research 
can be found in a paper by Wangersky and Gordon 114}. 

This mechanism is probably akin to the process of ion flotation de- 
scribed by Sebba msi. He found that bubbling air through a solution 
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containing surface-active organic materials resulted in the concentration 
of certain ions in the particulate matter formed in the foam. The degree 
of concentration depended upon the charge and structure of the surface- 
active agent and the ionic radius and charge of the ion involved. It is 
at least theoretically possible to design an agent which will remove a 
specific ion from solution, leaving behind other ions with similar chem- 
ical properties but differing ionic radii. Sebba demonstrated the collection 
of aluminum, uranium, the alkaline earths, iron, nickel, and traces of 
other metals from sea water. He suggested this technique as a method of 
economic significance for the collection of aluminum and possibly mag- 
nesium. 

A concentration of ions by this mechanism might also be responsible 
for some of the other anomalous distributions found in carbonate sedi- 
ments. The biological calcite formers of importance in marine sediments, 
principally the foraminifera and coccolithophores, discriminate against 
strontium in shell formation, maintaining a fairly constant Sr/Ca ratio. 
The Sr/Ca ratio of the fine fraction of carbonate sediments is quite 
variable, however, and always higher than that found in the forams. If 
strontium were incorporated into the calcium carbonate of the aggre- 
gates strictly in proportion to its concentration in sea water, the pres- 
ence of varying amounts of aggregates in the sediment could account 
for the peculiarities of the strontium distribution. Any slight selectivity 
for strontium over calcium would be still more helpful. Similarly, the 
features of magnesium and barium distribution in carbonate sediments, 
difficult to understand on strictly biological or strictly chemical grounds, 
could be explained readily by the incorporation of these cations into 
organic aggregates. Many of the trace elements in sea water are present 
in amounts far below those permitted by the solubility products of the 
compounds they should form in sea water. It may be that control of 
trace element concentration in the sea is a function of aggregate forma- 
tion in the surface waters. 


Model Systems and the Organic Chemistry of Distilled Water 


The proportion of inorganic material in the organic aggregates was 
surprising at first, and experiments were devised to determine which 
ions could take part in aggregate formation. Our first experimental 
bubblings were made in synthetic sea water systems to which small 
amounts of protein had been added. As a control, we also bubbled syn- 
thetic sea water with no organic material added. To our dismay, the 
yields of particulate matter in the controls nearly equalled those in 
the experimental runs. We then bubbled solutions of each of the com- 
ponents of the synthetic sea water, and found that a small but measur- 
able amount of particulate matter could be removed from the surface 
layer of the water in the bubbling chamber no matter which salt was 
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used. Apparently, the inorganic material was carried into the air above 
the water surface in the form of an aerosol, and fell back on the surface 
as a collection of fine crystals after evaporation of the water in the 
aerosol. The crystals then rested upon the surface layer until the tur- 
bulence associated with bubbling carried them below the surface and 
put them back into solution. The yield of particulate matter from these 
strictly inorganic systems was thus proportional to the area of relatively 
undisturbed surface. Since the particles carried an electrical charge, the 
degree to which they could be crowded together on the surface was 
limited. 

All through this series of experiments our yields of inorganic materials 
had been small, and our organic carbon values indistinguishable from 
the blanks run on the dry reagents alone. In our second series of bub- 
blings, we suddenly began to get yields of inorganic material three and 
four times greater than in our previous runs, together with appreciable 
yields of organic carbon. Since this second series was primarily a repeti- 
tion of our earlier work, the discrepancies were most dismaying. The 
reason for the increased organic carbon, and thus for the higher inor- 


ganic yield, occurred to me while I was driving past Lake Whitney, one . 


of the New Haven reservoirs, one evening. The ice had gone off the lake, 
and the spring phytoplankton bloom was in progress. 

We immediately ran organic carbon analyses on our distilled water, 
and found much more carbon than we had been adding to our experi- 
mental runs. The carbon compounds in the water had survived triple 
distillation and distillation from alkaline permanganate. Apparently we 
will have to resort either to combustion in oxygen or to treatment with 
intense ultraviolet light to remove these impurities. 

The presence of this amazingly stable organic material in our dis- 
tilled water, and its correlation with algal growth in the city reservoir 
system, raises an interesting point. Many people who have grown pħyto- 
plankton organisms in synthetic medium have noticed that with some 
species there seems to be an annual rhythm of growth in the laboratory, 
even when the organisms have been kept under laboratory conditions 
on synthetic medium for years. The cultures do well in the early spring, 
die down through the summer, and sometimes begin to prosper again 
in early autumn. In short, they seem to be responding to the seasons in 
the same manner as their relatives in the wild. I have been assured 
several times that there must be an innate annual growth rhythm in 
these organisms, since obviously they received no seasonal clues from 
their environment. It would seem, however, that the organisms have 
been given some fairly strong seasonal clues from the presence of or- 
ganic materials in the distilled water used to make up their media. I 
would suggest that the organic carbon content of the distilled water is 
one more variable which must be considered and controlled by anyone 
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growing organisms in aqueous medium, whether the organisms be bac- 
teria, phytoplankton, or still larger organisms. There may also be a 
connection between the level of these compounds in the distilled water 
supply and the sudden onset of sexuality which sometimes overtakes 
colonies of Hydra grown in synthetic media. 


Bubbles and the Origin of Life 


‘ The ability of the bubbling process to scavenge organic compounds 
from dilute solution and to collect the aggregates thus formed on the 
surface layer of the sea may have been of major importance in the origin 
of life. The creation of simple organic compounds out of inorganic 
starting materials by the input of almost any kind of energy into a 
“primeval” reducing atmosphere has been demonstrated by many 
scientists. A review of this work can be found in the recent symposium 
volume edited by Fox 16). Some experiments have shown that even a re- 
ducing atmosphere is not really necessary, and that at least the smaller 
polymers, the simple peptides, can be produced from dilute solutions if 
dicyanamide is present in solution. The difficult step has been the pro- 
duction of larger molecules, the ordered organic polymers. The 
mechanisms which have been successful so far have involved high con- 
centrations, in some cases dry mixtures, of the simple starting com- 
pounds, and relatively large energy inputs. While many of the reactions 
leading to the formation of biologically significant compounds are 
catalyzed by ultraviolet light, the penetration of these low wave lengths 
into water is decidedly limited. Some mechanism is needed to concen- 
trate the simpler compounds and to hold them within the range of an 
energy source, the most probable and ubiquitous being ultraviolet light. 

Bernal 17) has suggested that such collection took place on the sur- 
faces of clays, and that the ordered clay structure aided in the ordering 
of tHe polymer structures. This method of concentration limits the origin 
of life to inshore areas, where the clay particles might be cast on shore 
after collecting organic materials from the bay or estuary. The volume 
of water swept for organic materials would be rather small, compared to 
the oceans, and the exposure time of the clay particles to sunlight rather 
short, perhaps of the order of one or a few tidal cycles. Furthermore, 
once the clay particles carrying the adsorbed organic matter had been 
buried even a few centimeters in the sediment on the beaches, the or- 
ganic material would have been relatively inaccessible to further re- 
actions. 

I would suggest instead that the surfaces of inorganic particles formed 
by the action of air bubbles in sea water would serve as more suitable 
sites for the formation of the larger organic polymers. The simple or- 
ganic materials would be concentrated in a relatively small area, with a 
low water content, and held above the sea surface, subject to the full in- 
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tensity of the sunlight. If the particles were carried below the surface by 
turbulence and the organic compounds put back into solution, the com- 
pounds would be in an environment favorable to further chemical re- 
action. Fortner, et al. 18}, have shown that the irradiation of solutions of 
halides with ultraviolet light gives rise to halogen atoms and solvated 
electrons. The chlorine atoms thus formed are able to dehydrogenate 
ethanol and methanol. It is to be expected that, in the upper centimeter 
of the ocean, this kind of reaction is taking place, with resultant changes 
in the composition of the organic compounds in solution. 

It has already been shown by Sutcliffe, et al. (11), that the bubbling 
process can concentrate both organic and inorganic phosphates on the 
aggregates. The conditions necessary for the formation of biologically 
active macromolecules—concentration of smaller molecules, large energy 
input, presence of high-energy phosphate compounds, continued re- 
collection of the organic products, and perhaps even the ordered surface 
of the inorganic crystal—seem to be met in the environment of the or- 
ganic aggregate on the surface layer of the sea. Perhaps the next cycle of 
“origin of life’ experiments should involve bubbling chambers and arti- 
ficial sea water, as well as primitive atmospheres. 
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SYSTEMS RELIABILITY AND ENGINEERING 
STATISTICAL ASPECTS 


By G. J. LEVENBACH 


ROUND the year 1800, the French mathematician Pierre Simon, 
Marquis de Laplace, once calculated the probability that the 
sun would rise the next day, utilizing the observation that it had done 
so each morning for the last 1,826,230 days since creation pj Using 
similar arguments, we can ascertain with very high probability that 
many centuries from now an archaeologist will become interested in 
reliability publications from the twentieth century. His digging up the 
past will result in a huge collection of proceedings, transactions, and 
programs of annual, national, regional, and local meetings, seminars, 
colloquia, training sessions, and panel discussions about reliability. 
On the basis of these findings he might advance an alternative to the 
prevailing hypothesis that twentieth century civilization disappeared 
in an atomic holocaust and suggest that suffocation by mountains of 
paper is more likely. He might be led to the assumption that an extremely 
large number of people were concerned with reliability and conclude 
that the world must have been a very unreliable place to warrant such 
an effort. When our archaeologist finally gets to deciphering and compiling 
the information, he would find not only that redundancy was a very 
popular subject in reliability dissertations, this one included, but also 
that most of the information itself was highly redundant, and, again, 
this story is no exception. 

Despite all these considerations, however, this paper has been written 
to try and convey some of the flavor of reliability engineering to the 
nonstatistical reader of this magazine. 

It is safe to say that the tools developed by mathematical statistics 
are having an ever increasing impact on science and technology. Sta- 
tistical models can help very much in understanding and analyzing com- 
plex phenomena. Discovery of hidden and unknown causes can be 
greatly aided by a statistical analysis of the collected data. The flood 
of data resulting from automatic measuring and recording devices can 
be reduced to manageable dimensions by suitable statistical processes. 
On the other hand, if the model is substituted for the real world, we 
are in danger. As the Scottish poet Andrew Lang remarked a century 
ago: “They use statistics as a drunkard uses lamp posts, for support 
rather than illumination.” Furthermore, by uncritical use of the elec- 
tronic computer, it is not too difficult to end up with more "reduced" 
data than one had original observations. If these new numbers do not 
add insight into the experimental situations, the effort is wasted. After 
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all, so far, more discoveries have been made through the intuition of 
the skilled scientist, and more technological improvements have been 
created through the skill of the engineers, than by statisticians pushing 
models and numbers around. 

Let me repeat: Statistics provides a powerful tool [ej and a brief 
look at some "reliability history" might help us to evaluate the impact 
of statistics on reliability. 

Incidentally, the word “reliable,” according to the Oxford English 
dictionary, came into current use as recently as 1850 in this country. 
This distressed the British guardians of the language, witness numerous 
letters in the learned journals of the day. A book was even published 
entitled On English Adjectives Ending in -Able, with Special Reference 
to Reliable (3j. The distress was caused not so much by our being first 
to use it, but by our using the word reliable at all: it was irregular to 
use the suffix “-able.” 

Why has the interest in reliability increased so much in recent years? 
People have always been interested in the reliability of their cars, their 
appliances, airplanes, telephones, the electric power systems, ete. 
In the early 1950’s, the Armed Forces became aware that the maintenance 
problems on their equipment had gotten out of hand. The pinch was 
felt both in costs and in skilled manpower. Numbers are quoted about a 
system that required ten times its first cost for maintenance over the 
life of the system. An important additional factor is that the equipment 
was often not available when called upon and missions were jeopardized. 
The public utilities had learned to cope with this over the years. If 
they had not, maintenance expenses or lack of customer enthusiasm 
would have put them out of business long ago. 

One of the basic causes of unreliability became readily apparent when 
a few simple statistical models, applicable to electronic equipment, were 
devéloped. These showed that the increased number of component parts 
required to make up the systems that had to meet the largely increased 
performance demands of módern warfare were not of a sufficiently high 
quality to keep the systems working. This put the onus on the component 
manufacturer. If he would only make good components, the country 
would be saved. The model, about which more will be said later, allows 
quantification of reliability, statistical testing, and estimation. In 
addition, it helps in developing specifications with reliability levels and 
acceptance tests written into them. However, it turned out that more 
was involved. Even the best parts, when misapplied in a circuit, will 
fail. Circuit conditions like voltages and currents, environmental condi- 
tions such as vibration, shock, temperature, etc., all come into play and 
require more sophisticated models. However, the way was shown, and 
a new breed of engineers was needed—the reliability engineers, who 
required support by mathematicians and other specialists. These 
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reliability engineers are typically associated with the designers of the 
equipment. Many organizations have found out, and are still finding out, 
that there is more to reliability than putting numbers into a statistical 
model and writing numerieal reliability requirements into a speci- 
fication. Reliability is, asit always has been, an engineering function. 
Before illustrating this with a few examples, let me point out that the 
design of electrical and electronic systems has from the start (i.e., the 
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end of the last century) made an extensive use of mathematical models, 
mostly on a deterministic basis. The new aspect that has been added 
by the events described is mainly the accelerated use of statistical 
models and techniques. 

Turn for a moment to Times Square, New York, and watch the lighted 
news sign as an example of an active system. It contains approximately 
13,000 light bulbs. Everyone knows that the life of incandescent lamps 
is finite. A reasonable assumption is that the life is normally distributed 
around a mean value of say 1000 hr, with a standard deviation on the 
order of 100 or 200 hr. 

The next assumption is that the system, after renovation of the Times 
'Tower which is in process now, will be stocked with new bulbs and that, 
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by some magie maintenance facility, each burned-out bulb will be re- 
placed instantaneously. Watching the system as a whole, what pattern 
of failures will we observe? Almost no failures will be observed in the 
beginning, perhaps not until the bulbs reach 500 to 700 hr life. An in- 
creasing number will fail as we reach the mean life of the bulbs, i.e., 1000 
hr. Thereafter there will be a gradual decay in the observed failure rate 
until around 1500 hr. A second maximum, due to the second generation 
of bulbs, can be expected after 2000 hr. However, the curve of failure 
rate against time will show some broadening, and lowering of its peak, 
as the replacements of early casualties in the first generation might some- 
times fall between the two generation peaks. In subsequent generations, 
the peaks will get lower and lower and the valleys will be filled up. A 
picture of the results of a simulated experiment is shown in Figure 1, 
which demonstrates that, after a number of mean lives, the number of 
failures will fluctuate slightly around a constant value. It is of interest to 
note at this point that Drenick [4] has shown that, under very weak con- 
straints on the type of life distributions, complex systems containing 
many components tend asympotically toward a constant number of 
failures per unit time, a situation which can be handled by means of a 
model using the Poisson distribution. 

This property is used with much enthusiasm by reliability people: 
a complex system with constant failure rate, where failure rate is defined 
as the number of failures per unit time, is not too difficult to handle 
mathematically. 

At this point we can introduce a very popular definition of reliability: 
“Reliability i$ the probability that an equipment will perform its in- 
tended function for a specified period of time when used in the manner 
and for the purpose intended." 

Let us test this definition against the performance of the light bulb 
system. Instantaneous replacement implies that the probability that the 
system is in operating condition is 1.0 (certainty). A more meaningful 
definition of reliability for this case might be the probability that the 
system will operate for a time t, without a light bulb failure. Knowledge 
of this reliability function as a function of time might interest the man 
responsible for replacing the bulbs. 

One additional aspect should be mentioned. Suppose the maintenance 
man for the light bulb sign is absent. Failure of bulbs would degrade the 
performance of the news sign, but quite a number could be lost before 
the sign became unusable for the purpose intended, i.e., the understand- 
ing of the flashed message. This indicates that a single measure of reli- 
ability is not necessarily adequate to describe the reliability of the system. 

In the case ‘of the light bulb news sign, redundaney is presented by the 
combination of sign, reader, and language: several bulbs or even letters 
and words could be missing from the intended display and the reader 
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would still be able to understand the message. (I shall touch on other as- 
pects of redundancy a little later.) On the other hand, if we consider a 
missile or a satellite, there might be a set of critical components such that, 
if one fails, the whole system is dead. 

In this ease one can use the model for the system reliability R(t) as 


R(t) = Ri Q)RQ) ... Balt) 


where an individual component reliability E;(f) is the probability that 
component j has not failed before time t. 

For systems enjoying instantaneous maintenance, the probability 
u(t) of failure at time ¢ is given by the renewal equation: 


t 
u(t) = ft) + fe — Jfydy 


It is not necessary to elaborate upon these equations as they have been 
belabored by numerous people for the last ten years. However, I will 
have to refer to them in one of my next examples. 

Before leaving the light bulbs, I should observe that it does take time 
to change light bulbs or, in general, to maintain a complex system, and 
that the time in which a system is out of order should be taken into ac- 
count. The concept of “availability” of a system can be introduced. 
Generally a system is not available when it is being maintained. To il- 
lustrate this with our news sign, we assume that the message becomes 
unintelligible when one bulb fails. Then in the steady state the availa- 
bility is given by 

8 
47$ 
where § = mean time to failure of the components (all assumed to be 
deseribed by the same frequeney density function), and 
6, = mean time of detection and repair. 


For an evaluation of availability in general situations, we can consider 
that the failure times and repair times have distinct statistical distribu- 
tions and that the failure distribution of the system is represented by a 
generalized renewal equation incorporating these two distributions. The 
problem has also been attacked in other ways, e.g., by modeling it ac- 
cording to a semi-Markov process with two states: the operating state 
and the repair state, with certain transition probabilities and distribu- 
tions of the time spent in each state. 

A second example illustrating reliability aspects, differing from the ones 
discussed so far, is provided by the transatlantic telephone cable. There 
are now several telephone cables linking Europe and the North American 
continent. The oldest telephone cable of this group was put into service 
in 1956 and has operated so far without a failure in the underwater 
electronic equipment. 
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One complete cable connection consists of two cables: one for west to 
east and the other for the return transmission. The length is about 2000 
miles. To transmit & frequency band sufficient to accommodate the 36 
speech channels, for which the system was originally designed, ampli- 
fiers are required at approximately 40-mile intervals. This adds up to 51 
amplifiers in each direction or 102 amplifiers in the total system. Each 
amplifier has 60-odd components such as resistors, vacuum tubes, etc. 

For reliability considerations, as a first approximation, the model for 
the system can be very simple: a series chain of elements. If any one of 
the about 6000 components fails, all 36 telephone conversations are dead. 

Adding to this series model the reasonable assumption that the failure 
rate of the components is constant in time, we can easily show from the 
equation discussed before that the failure rate of the system is the sum of 
failure rates of the components. Thus the system has a constant failure 
rate (Poisson process), which is equivalent to saying that the times to 
failure are exponentially distributed. 

Now the reliability design objective for the system was set at one 
failure in 20 years of continuous service, which requires for each com- 
ponent a failure rate of roughly one in 10* per 1000 hr. 

To demonstrate ahead of time, with 90% confidence, that such a failure 
rate has been achieved in the population from which the components for 
the cable are to be taken would require about 200,000 components tested 
for one year without the occurrence of a single failure. It is not surprising 
that such a test has not been run. To show what has been done, one has 
to switch from statistics to engineering. 

To achieve the reliability objective, the following principles were ad- 
hered to: 


(a) Use materials and components proved by experience. 

(b) Design specifically for the application and environment. 

(c) Manufacture to rigid specifications, under close engineering con- 
trol using tightly controlled raw materials. 

(d) Sereen and inspect thoroughly, rejecting any product which be- 
haves abnormally. 


I could discuss these points in technological detail to show that there is 
more to them than just pious words, but this would lead beyond the 
scope of this paper. Statistics played a role but not often a very prom- 
inent one. In the first place, "proved by experience" does not imply 
determination of failure rates or time to failure, rather it indicates five 
to ten years of engineering experience under all kinds of environmental 
and service conditions. New materials, though promising in their per- 
formance, were not used. The design of the vacuum tubes and paper 
capacitors, both difficult items, started in the 1930’s, more than 15 years 
before the first cable was constructed. 
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In the inspection operation during manufacture, a strong emphasis was 
placed on “being in statistical control.” In one instance, the observed 
distribution of a certain parameter of a component, when plotted on 
normal probability paper, had an elongated S shape indicating a mixture 
of two populations. Even though the over-all outside tolerances were met, 
the components were not used in the amplifiers until the cause of the 
population shift (in this case a shift in mean) was explained and proved 
to be harmless for life expectancy. That this cause could be traced was 
mainly due to the complete pedigree which was maintained about each 
part from raw material to final product—another tool to promote the 
integrity of the manufacturing operation. 

Stringent restrictions on the size and number of components, imposed 
mainly by the requirement that the repeater should be laid by the cable 
ship as part of the cable, precluded any of the well-known techniques 
to reduce the impact of an individual failure on the system performance 
(e.g., redundancy). Where these space limitations do not exist, reliable 
operation of a system can be achieved by using appropriate circuit de- 
sign techniques, without demanding the ultimate in component relia- 
bility. The concept of redundancy has already appeared in the lighted 
news sign example, where, even if some bulbs did not light, the reader 
might infer the message. There the redundancy is in the language. A 
simple way to introduce redundancy in a circuit is to use two components 
in parallel so that if one fails the circuit is still operational. 

Simple algebra [5] enables one to evaluate the theoretical probability 
of failure of a structure consisting of any series-parallel combination of 
elements. Whether these structures can be designed so that they meet 
the performance requirements is another matter, but they can be made 
extremely reliable [6]. 

In a recently laid transatlantic cable, redundancy is applied in circuits 
using vacuum tubes, these being very critical elements: 2 strings of 3 
tubes each are used instead of one. 

A good mechanical analogue of this redundancy situation is the split 
into two independent hydraulic systems some car manufacturers are now 
using for brake systems. Anybody who has experienced a sudden loss of 
brake pressure will realize the reliability implications. 

Ignoring again the complications introduced by redundancy in the 
simple series model, we return to the submarine cable represented by 
this model to illuminate another aspect of systems reliability. 

One of the important parameters of the amplifier is the gain in speech 
energy it supplies to offset the cable losses. These cable losses increase 
with the frequency to be transmitted. At the highest usable frequency, 
each amplifier is required to supply a gain in energy of one million times. 
Over the total circuit the gain must be maintained within about +40% 
of the nominal level 95% of the time. This requires not only an appro- 
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priate accuracy for the nominal gain values for each amplifier (everything 
&dds up over the 2000 miles) but also a close check on the unavoidable 
statistical fluctuations of the component parameters in each amplifier. 
Extensive statistical studies were necessary in the design stage to relate 
the expected fluctuations in the actual values of the component pa- 
rameters to the variation in the amplifier gain and, hence, in the system's 
performance. These statistical studies can be roughly characterized as 
"propagation of error" studies. Working backwards from the over-all 
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systems requirements, the tolerances for the individual components were 
specified not only for their initial values but also with respect to their 
aging characteristies over a period of 20 years. From the user's stand- 
point it makes very little difference whether a telephone circuit is out of 
service because it has failed completely or because it is out of tolerance. 

In a similar situation, presented by a long landborne system, the per- 
formance of the amplifiers in the early hardware stages showed too large 
variations of the amplifier gain compared to the specified values. To 
pinpoint the subsystem ‘responsible for these discrepancies, a series of 
experiments was laid out in a 7 X 7 hypergraeco-latin square. This 
turned out to be an efficient tool for locating the significant contributor 
to the variations. 

I could continue citing examples of statistical tools used in the devel- 
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opment of systems contributing to their reliability. What I hope to have 
indicated sufficiently is that for a complex system it is unlikely that one 
can produce a single number adequately and completely describing the 
“reliability” of a system. The user is interested in a system that functions 
for à minimum total cost, including ial id and operation, for the 
time period for which it is designed. 

To conclude this general review, I shall discuss briefly the general flow 
of events from inception to completion of a system as seen from the 
reliability viewpoint (Fig. 2). 

In both military and nonmilitary systems, the starting point is a 
specification by the user-to-be of the INTENDED FUNCTION. In a telephone 
system this would include: number of channels, type of service, points to 
be connected, etc. A military defense system would define the threat to 
be countered, the size of attack to be handled, the frequency of attacks 
to be expected, etc. Also, the reliability considerations, which include 
availability, maintenance, etc., must be defined. 

With these specifications spelled out, the DESIGN OBJECTIVES have to 
be derived. The end product of this phase should be a break-down of the 
system into organic units, black boxes each of which would have a fully 
defined function. To make the transition from the intended function to 
the design objectives, several alternatives usually have to be explored, 
e.g., the present submarine cable systems cannot transmit TV—the ex- 
perimental communications satellites can. The exploration of alternatives 
requires mathematical models, which for the reliability aspect will have 
their statistical character. Queueing theory often plays a major role. 
Maintenance activities, different for different possible solutions, in- 
volve cost and logistic considerations. Markov chain models and renewal 
theory are often used as well as developments from first principles in 
probability theory. The systems outlook must be maintained, as each 
organic unit goes its own way into the hardware stage. 

The PRODUCT DESIGN involves the detailed steps necessary to prepare 
drawings for manufacture. Circuits must be designed. The choice of com- 
ponent parts suitable for the circuit conditions envisaged is of extreme 
importance. The failure and drift characteristics must be evaluated with 
respect to the circuit requirements. For reliability purposes, statistics 
provide: design of experiments, distribution theory in connection with 
life testing, time series analysis for environmental testing, etc. 

In MANUFACTURING, the designs must be materialized. Statistical 
quality controlis obviously required to maintain the reliability designed 
into the system. Sampling theory for inspection and possibly appropriate 
acceptance tests for units and subsystems must be designed to be used on 
a routine basis. It might not be economically feasible to achieve a reli- 
ability guarantee at a predetermined high confidence level, but the oper- 
ating characteristic curves must at least be well defined. 
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The usm phase provides the eating of the pudding. As indicated by 


the arrows all around, every action is connected with a feedback. Nature 
has to be fought all the way, and numerous adjustments are to be ex- 
pected. In the use phase we can see whether the design intent is met. 


The important and difficult task in creating a reliable system is that 


the systems outlook is maintained all around the circle. Otherwise, as 
experience has shown, the components might be fine, but the system will 


not work. 
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HERE AND THERE 


By the Board of Editors and the Membership of 
The Sigma Xi-RESA Societies 


In May 1965, the M.I.T. Press, Cambridge, Mass., published a volume 
entitled Tizard by Ronald W. Clark. A reprint of an earlier publication 
in England, the book “is more than a well-written biography of a ded- 
icated scientist, for in describing the bitter political infighting that 
accompanied the birth of radar, Ronald Clark unfolds the story of a new 
kind of scientific administrator, working in government.... Tizard’s 
opponent on matters of both policy and technology was F. A. Lindemann, 
later Lord Cherwell.” C. P. Snow, in the Godkin Lectures at Harvard 
University, dealt with this same theme from Lindemann’s point of view, 
also presented by Lord Birkenhead in his biography of Lindemann, 
The Prof. in Two Worlds. 

Through the courtesy of the M.I.T. Press we are permitted to present 
the Foreword to the book, by the English scientist, Sir Solly Zucker- 
man; the Foreword to the American Edition writter by Vannevar Bush; 
and, lastly, the concluding paragraphs of Ronald Clark’s rich biography. 


TIZARD 
By RONALD W. CLARK 


Foreword A 
By Sir SOLLY ZUCKERMAN 


It is only five years since Sir Henry Tizard died. But to many 
his name already seems to conjure up little more than a picture 
of some kind of personal struggle for power in places where 
scientific advice bears on the formulation of national policy. Sir 
Charles Snow, who dramatized the clash of Sir Henry Tizard 
with Lord Cherwell, could hardly have anticipated this outcome 
of his colourful account of the relations and characters of these 
two distinguished scientists—even if he correctly foresaw the 
debate which it stimulated about the channels whereby in- 
formed advice should be directed towards those who are re- 
sponsible for government in a scientific and technological age. 
Reprinted from Tizard by Ronald W. Clark by permission of The M.I.T. Press, 
Cambridge Mass., copyright © 1965. 
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Ronald Clark has now given us a complete picture of Tizard, 
based upon a study of some five hundred files of private papers 
which he left, and which had not been consulted before, as well 
as the diaries and unfinished autobiography which Sir Charles 
Snow studied. In addition Ronald Clark has had access to Lord 
Cherwell’s archives, which had already been used by Lord Bir- 
kenhead in the biography he wrote. On top of all this he was 
able to consult a mass of private letters and documents be- 
longing to various people whose paths had crossed Sir Henry’s. 
The result is a volume which undoubtedly becomes part of the 
history of our times. 

Tizard’s greatest single achievement was the encouragement 
he gave to the development of the chain of radar stations which 
assured the R.A.F’.’s victory in the Battle of Britain. None of 
the scientific ideas behind radar was his, but without his sup- 
port, backed by the prestige gained through many years of in- 
timate and successful co-operation with members of the Air 
Staff, it is doubtful if our defences would have held in those vital 
days of 1940. Tizard’s own place in history is secure for this con- 
tribution alone. 

But there were other contributions—all admirably told by 
Ronald Clark. He describes the events leading to the setting-up 
in 1934 of the famous Committee of Air Defence, in whose de- 
liberations distinguished scientists, serving officers, and politi- 
cians played a part, and which foundered in 1936 because of the 
clash between Lindemann, later to become Lord Cherwell, and 
the rest of the Committee, led by Tizard. Fortunately, this 
first phase of the Committee’s existence had not passed before 
the foundations of radar were securely laid. Clark describes the 
Tater reconstitution of the Committee without Lindemann, and 
the next eighteen months during which a radar system proper 
was built. He then tells of the eclipse of Tizard and his com- 
mittees, and of the increasing dominance of Lord Cherwell, Sir 
Winston Churchill’s chief wartime adviser on scientific and 
technical matters. Ronald Clark also gives us a clear account of 


' Tizard’s return to Whitehall after the war, and of many other 


events which uniquely illustrate phases in the evolving system 
within which science and politics converge. 

The picture which is painted of Tizard will prove eminently 
true to those who knew him well. Tizard’s achievements were 
great. He was a.scientist who immediately won the confidence 
of the scientific establishment. He commanded loyalty even 
when his judgment was at fault. For Tizard was not always 
right. He was sceptical about the likelihood that scientific 
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knowledge of the atom could be harnessed for military purposes; 
he felt-that ‘unnecessary’ excitement’ was being generated by 
the belief—correct though it proved to be—that the navigation 
of German aircraft was beirig assisted by radio beams; There is 
the suggestion that he held that the invasion of Normandy in 
the summer of 1944 would be bound to prove a disaster. Events 
have also told against his vision of the institutional ways where- 
by science can best help the State. And as Ronald Clark, shows, 
some of his views, as well as.those of his staunchest allies, were 
in the latter part ‘of his publié career too often coloured by a 
violent antipathy to Cherwell, who emerges from Ronald 
Clark’s book not quite as black as on other occasions when his 
name has been mentioned in the same breath as Tizar d's. 

In spite of ‘all this Tizard’ is- ‘correctly’ revealed by Ronald 
Clark’s book as a beacon of a particular:kind in the history of 
England—as.a/man who more often than not pointed the right 
way, and as.a person who couldibe relied upon to fight to keep it 
open. l ; 
5th October 1964 


Foreword to the Ameériéan Edition 


By VANNEVAR Busy 


Much has been written about the disagr comenta between allies 
during a great war. Little has been -written : :about tbe deep 
friendships which appear among comrades i in. arms of different 
nations, even among comrades whose effórts, behind the lines, 
are devoted to placing advanced weapóns in the hands of 
fighting men. It is especially fitting that an edition of a book oh 
Henry Tizard should appear in the United States for he exempli- 
fied strongly the mutual respect and friendship which developed 
between scientists and engineers of the United States and their 
counterparts in the United Kingdom. 

It was primarily due to the skill, patience, and geniality of 
Tizard that interchange between Britain and the United 
States, on the development of weapons, was put into effect and 
made fully operative, long before the United States entered the 
war. There is no doubt that this collaboration resulted in a 
more effective war effort and contributed significantly to ulti- 
mate victory. In so doing he made a host of American friends 
who will welcome this volume. 

It was not easy to do. There were stuffy admirals and generals 
on both sides of the ocean. There was a widespread conviction 
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on both sides of technical superiority, and there was doubt as to 
the others guardianship of secrets. The partnership between 
scientists and military men, which later in the war produced 
striking results, had not then developed. The civilian scientific 
effort in the United States had barely begun. The maze of com- 
plex loose organization on both sides had not crystallized into 
effective form. 

Through this confusion, Henry Tizard threaded his way with 
a sure step. He fully attained his objective, and left no bitter- 
ness behind. We, in the United States, hail his memory with 
gratitude and affection. 


8 September, 1964 


Concluding Paragraphs 

By the autumn of 1959 Tizard had shed a number of busi- 
ness responsibilities. He was beginning to “take things care- 
fully,” and there are some indications that he felt more than 
normal concern for his health. Yet there was little specific warn- 
ing when he collapsed suddenly at Keston on the evening of 8 
October. The cause was a cerebral haemorrhage, and he died 
early the following morning. 

It was probably as he would have wished. When his old 
friend Sir Frank Heath died in 1946, Tizard wrote to Heath’s 
son. His father, Tizard pointed out, had “lived a long life and 
did great work, and never lost interest in men and things, and I 
gather that he died suddenly and without any suffering. So what 
more can one ask for?" 

His ashes were buried in the floor of the Oriel College Ante- 
chapel, below a stone bearing his initials and the dates 1885- 
1959. On 19 November, a Memorial Service was held in the 
Henry VII Chapel, Westminster Abbey. It was a Service whose 
setting Tizard would have appreciated and about whose con- 
gregation he would no doubt have had perceptive comments 
to make. It included a fair cross section of those among whom 
his life had been spent—not only relations and representatives 
from the various bodies he had helped to direct. It included, 
also, such people as Bill Carpenter, the former head-porter 
from Imperial College, now very old himself and racked with 
arthritis, who had come from his home in south-east London. 
Tizard would have liked that. 

He had been one of those men of ability and charm who can 
do most of the things they wish to do. They are limited only by 
their self-imposed objectives and by the price which they are 
willing to pay for success. Tizard’s personal objectives had 
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been modest. He wished to see science used as he felt it should 
be used to help the nation—and other nations for that matter; 
he wished to leave the world a better place than he found it. 
But for himself he wanted little more than did his old friend 
Sir Richard Threlfall, whose ‘‘ambitions were of the homely 
friendly sort,” as Tizard himself put it. The wonder is not that 
he failed to reach the Lords or to become Britain’s first Minister 
of Science, but that his own aims carried him so far, reined 
in as they were by his own rigid principles. For no man was 
quicker to pounce on any attempt to smudge the line between 
right and wrong; no man more suspicious that when science or 
scientists entered the political area the fight would rarely be on 
equal terms. Thus in his attempts to achieve what were really 
political ends he was handicapped by an unwillingness to use 
anything that fell within his own clear definition of intrigue, a 
definition including much that passes as the common coin of 
political life. There is not the slightest indication that he ever re- 
gretted this; indeed, there was no reason why he should. He 
had gone far. He was much loved. He knew that with the pas- 
sage of the years it would become ever clearer that the battle of 
“the Few” had been won with the weapon of radar, handed to 
that bright company almost as the chocks were pulled away. 
He had, moreover, walked not merely with crowds but also with 
politicians and yet kept his virtue; in itself, perhaps, a consider- 
able enough achievement for any man. 
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NOTICE 


In accordance with Article ITI, Section 1 of the 
Constitution, notice is hereby given that the 66th 
Annual Convention of The Society of the Sigma Xi 
will be held on December 29, 1965, at 9:00 a.m. in 
association with the AAAS meetings at the Hotel 
Claremont in Berkeley, California. ` 

The December issue of AMERICAN Scientist will 
contain the complete agenda for the following scheduled , 
sessions: 

8:00-9:00 a.m. — Registration 
9:00-Noon —First Session 
Noon-1:30 p.m.—Luncheon 
1:30-3:30 p.m. —Second Session 

Following the Convention, at 8:30 p.m. in the 
Harmon Gymnasium of the University of California, 
Dr. Jacob Bronowski, Deputy Director, The Salk 
Institute for Biological Studies, will deliver the Annual 


Phi Beta Kappa-Sigma Xi Address on the theme of 
“Science and the Other Humanities." 





Kodal advertises: 


a strong desire to contribute to electron micrography... 
a complexing agent for hydrocarbons... visible intelligence 


Competence i 





ustomers 


p e s i 3 
Delbert E. Philpott took this 
beautiful electron micrograph 
on a Kopak Projector Slide 
Plate, Contrast. It shows the 
ultimate source of the sticky 
secretion on the tube feet of 
starfish that gives them a grip 
powerful enough to open 
oysters. The sieve-like object 
is a cross-section of one of the 
secretory packets that Dr. 
Philpott discovered. Two more 
secretory packets are seen in 
longitudinal section above it. 
The large object beneath the 
packets is the cell nucleus. 
How much easier life would 
be for biology students with- 
out the long tale spilled out on 
Kopak Projector Slide Plates 
by electron microscopes over 
the past quarter century! Used 
to be Kopak Lantern Slide 
Plates. No difference. (Only 
the name was updated. The 
old name was redolent of coal 
oil.) In addition to Contrast," 
they also come as “Medium.” 
Very little difference in elec- 
tron-exposure behavior. (“Not 
SO," argue some customers. 
We don’t argue back. The 
customer is always right.) 
What, then, has happened 
to the spirit of progress in ma- 
terials for electron microg- 
raphy? This is a very difficult 
question on which we have 
been working for a long time. 
About all we have to show for 
this work is an article en- 
titled “Some Things Every 
Electron Microscopist Ought 
to Know.” It’s free from 
Publications Service, Eastman 
Kodak Company, Rochester, 
N. Y. 14650. It chats a little 
theory (very, very lightly) 


about electron image structure. 
Dr. Philpott had never read it 
before making the electron 
micrograph that revealed the 
starfish’s secretory secret. 


Operations in the z-clouds 


The U. S. Air Force has been 
kind enough to develop a new 
electron acceptor and kind 
enough to tell the world about 
it, including us, who have 
promptly made and marketed 
itas EASTMAN 9724, 9-(Dicya- 
nomethylene) - 2, 4, 7 - trinitro- 
fluorene. This is a fine thing 
for an air force to do. 

A Ph.D. candidate a decade 
ago acquired a large number 
of our benzene derivatives and 
watched them under the micro- 
scope to see which would and 
which wouldn't form brightly 
colored addition compounds 
with 2,4,7- Trinitro-9- fluore- 
none (EASTMAN 7135) from a 
fusion mixture. Hoping at the 
outset for a touchstone to tell 
the mononuclears from the 
polynuclears, he wound up 
instead with a set of selection 
rules that his successors in 
interest have succinctly sum- 
marized in the -bonding 
concept. Now all aromatics 
have been fitted out by the 
theoreticians with halos com- 
posed of the pooled left-over 
electrons. Unless electron-lov- 
ing substituents have drained 
off the 7-cloud or the halo 
has been otherwise bent some- 
how, a new variety of stable 
complexes will be formed with 
the trinitrofluorenone struc- 
ture. Except that if the Air 
Force is right and you do it 
with EASTMAN 9724 instead, 
the complexes will be more 
stable. The absorption maxima 
of the charge-transfer bands— 
whence comes the bright color 
— occur at longer wavelengths 
that do not confuse with the 
absorption bands of the aro- 
matic hydrocarbon donors. 
Want a list of the maxima 
as seen in Dichloromethane 
(EASTMAN $342 is the Spectro 
Grade)? They're beautifully 
spaced. 


This EASTMAN Organic Chemicals 
business is handled by Distillation 
Products Industries, Rochester, N. Y. 
14603 (Division of Eastman Kodak 
Company). 


Uncertainty searching 


Costlier means of storing and 
retrieving technical and busi- 
ness information can be found 
than our RECORDAK MIRA- 
CODE equipment. Nevertheless, 
it sells. U. S. taxpayers may 
even be pleased to learn that 
prominent among the buyers 
have been government agen- 
cies, civil and military, with 
budgets where you would 
think they could scarcely 
afford to engage in procure- 
ment that contributes so 
weakly toward the task of 
spending. 

As a result of this accept- 
ance accorded the MIRACODE 
System since its introduction 
in 1963, development has pro- 
gressed. You put intelligence 
in visible form on microfilm, * 
encode it, and then at some 
future time, when you push 
buttons telling what you want, 
it finds it, zip-zip, and even 
offers you paper copies. The 
progress made permits us to 
drop the assumption that you 
will know what you want. 
Maybe you will only know 
what you don’t want. Maybe 
you will be specifying your 
interests by boundary con- 
ditions. Maybe, being a child 
of the age, you handle the 
conjunctions *and" and “or” 
creatively. Maybe encoding 
economies are practiced. Fur- 
thermore, in all likelihood the 

. . * . 
guys who just possibly might 
have written that key paper 
you seek and/or the smart 
young lady who encoded it for 
microfilm were thinking in a 
context different from yours. 
Therefore we can arrange for 
the sequence of descriptors 
not to matter. 


Get in touch with Charles E. Harris, 
Jr., Recordak Corporation (Subsidiary 
of Eastman Kodak Co.), 770 Broad- 
way, New York, N. Y. 10003. Charlie 
Harris talks smaller dollar numbers 
than do those who think you believe in 
a machine where you will press a 
button and get a yes-or-no answer. 
Recordak, being the microfilm pioneer, 
is strongly coupled to the eyes. The 
eye is the external part of the central 
nervous system. The magnificence of 
man’s central nervous system sets him 
apart from the beasts. 





* The intelligence might have come 
out of a computer, unseen except 
from the microfilm. 
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THE SCIENTISTS BOOKSHELF 


By Hugh Taylor, the Associate Editors, and Guest Reviewers 


SEE INDEX AT END OF THIS SECTION 





The Scientific Endeavor. Centennial 
Celebration of the National Academy 
of Sciences; 332 pages; 90 illustra- 
tions; $2.50 paper; The Rockefeller 
Institute Press, 1965. 


The Past President of the National 
Academy of Sciences, Detlev W. Bronk, 
and the President of the Academy, 
Frederick Seitz, in the Foreword to this 
volume write: 

“The Centennial of the National 
Academy of Sciences was celebrated in 
the Autumn of 1963. Many of the 650 
members of the Academy gathered in 
Washington throughout four festive 
days of social events and brilliant 
scientific discourse. They were honored 
by the National Government [which] 
their predecessors and they had served 
for a century. Representatives of sister 
academies, learned societies, and uni- 
versities throughout the world brought 
greetings which stressed the world-wide 
scope and unity of the scientific en- 
deavor—especially appropriate to our 
Academy in which one-quarter of the 
membefs were born in foreign coun- 
tries. ... 

“The President of the United States 
and twenty-three distinguished mem- 
bers of the Academy delivered memora- 
ble addresses in which the History of the 
Universe, the Nature of Matter, the 
Determinants and Evolution of Life, 
and the spirit of the Scientific Endeavor 
were described in a score of remarkably 
relevant and coherent accounts. 


Day after day the mysteries of life 
were laid bare, and antecedent to life 
the structure of matter, and indeed of 
the universe, were presented in 
dramatic and fascinating clarity... 
the juxtaposition of topics did a very 
great deal to show the essential unity 
of scientific disciplines however differ- 
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ent their techniques. ... We listened 
to great wisdom. ... 


said Professor I. I. Rabi in the final dis- 
course. 

“Because the addresses contained so 
much wisdom, were presented with 
clarity, and revealed the unity of 
science, it was agreed that they should 
be made available to a larger audience 
than could assemble for our Centen- 
nial. That is the purpose of this book." 

Each member of Sigma Xi and RESA 
could read this collection of addresses 
with great profit and with gratitude to 
The Rockefeller Institute Press for 
providing the opportunity for each pur- 
chaser to share in the Centennial feast 
at an outstandingly bargain price. 


General College Geology by A. J. EARDLEY; 
499 pages; $9.25; Harper & Row, 
1965. 


In General College Geology, Dr. 
Eardley has attempted to provide the 
basics of elementary geology in one text. 
The author’s concise writing and the 
many truly magnificent illustrations and 
diagrams make this book one of excel- 
lent clarity. Generally the text includes 
the most recent scientific knowledge, 
and chapters concerning astrogeology 
and the geology of the ocean floor 
clearly coordinate modern ideas of re- 
lated sciences. 

The book suffers, however, by trying 
to cover too many topics in too little 
depth. It has been written on the de- 
batable premise that unreasonable over- 
lap exists in contemporary textbooks 
treating physical and historical geology. 
The result is a combination, under one 
cover, of diluted versions of these sub- 
jects. Many fundamental geologic con- 
cepts are completely omitted or hastily 





Problem-Makers Have 


Bellcomm's highly professional 
staff does systems engineering 
for the National Aeronautics and 
Space Administration's manned 
space flight effort. 


It solves problems. 


It also thinks up problems. De- 
fines them. Uncovers them. 


If setting up problems pleases 
you as much as solving them, 
you might find work at Bellcomm 
more interesting—more reward- 
ing—and more unusual. Fields 
of interest include computing 
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a Future at Bellcomm 


and programming, mathematics, 
engineering, flight mechanics, 
physics, chemistry, propulsion, 
guidance and trajectory analysts. 
Bellcomm welcomes the résu- 
més of highly qualified thinkers. 
Address: Mr. N. W. Smusyn, Per- 
sonnel Director, Bellcomm, Inc., 
Room 1310-B, 1100 17th St., N. W., 
Washington, D. C. 20036. 
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covered in a few paragraphs. Among 
these are: mass wastage, isostasy, cycle 
of erosion, geosynclines, uniformitarian- 
ism, causes of mountain building, crys- 
tallization order of a basaltic magma 
(Bowen’s Reaction Series), ete. Meta- 
morphic rocks and metamorphism are 
treated in three pages of text and the 
entire physical evolution of North 
America from the Cambrian to the 
Pleistocene in five short pages. 

Dr. Eardley suggests that General 
College Geology may be suitable for use 
in either a one- or two-term course. A 
one-term course may consist of a broad 
survey of the available subject matter 
including discussions of organic forms 
and development. This book can be used 
profitably in such a course. 

There seems, however, to be no ob- 
vious advantage to using this text for a 
two-term course. Indeed, the deletion 
of important concepts may be con- 
sidered by many to be a distinct dis- 
advantage. —Dale F. Ritter 


Astronomy Highlights: “Apollo and the 
Moon" by F.M. Branuey; “Birth and 
Death of the Stars" and "Space Age 
Astronomy" by K. L. FRANKLIN; 
“Captives of the Sun” by J. S. PICKER- 
ING; “Design of the Universe" by 8. I. 
Gate; "Man in Space" by F. C. 
Hass; “The Sun in Action" by T. D. 
Nicuorsow ; “Time and the Stars" by 
J. M. CHAMBERLAIN; 32 pages each; 
$0.50 each, paper; 8 booklets boxed. 
$4; Natural History Press of Double- 
day & Co. for the American Museum- 
Hayden Planetarium, 1964. 


These eight little booklets, each only 
32 pages long, provide at a popular level 
a first look at some highlights of modern 
astronomy. Each booklet is self-con- 
tained, so that it can be read independ- 
ently of the rest, but consequently there 
is a fairly large amount of repetition 
among them. The short length, and 
illustrations on every page, make for 
high readability. A glossary and reading 
list at the end of each are useful items. 

As in almost any collection written by 
several authors, the level and presenta- 
tion are not uniform. Kenneth Frank- 
lin's contribution on stellar evolution is 
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perhaps the best written, and contains 
some very good diagrams, but is more 
advanced than the rest. The three on 
space astronomy and space flight are 
also well done, in spite of the fact that 
telescopes in space rate only two pages 
of description. “The Sun in Action" 
suffers only from the lack of a diagram 
to explain limb darkening. 

“Design of the Universe" however is 
often confusing. For example, the terms 
"galaxy" and "Milky Way" are not 
clearly distinguished, and there is one 
mystifying statement, without further 
explanation, that the apparent bright- 
ness of a star is usually less than its 
absolute brightness. There are similar 
misleading statements in the other two 
of the series, but the major criticism can 
be levelled at the editing. Some dia- 
grams do not contain the same example 
as used in the text, and there is at least 
one which is placed four pages away 
from the relevant section. 

In spite of these few shortcomings, 
these booklets can be recommended to 
the person who wants a brief introduc- 
tion to a few simple ideas of astronomy. 
They will hopefully inspire him to learn 
more. —John E. Gaustad 


Seurat & the Science of Painting by 
W. I. Homer; 327 pages; $12.50; 
M. I. T. Press, 1964. 


Georges-Pierre Seurat died in 1891 at 
the age of 31. His natural bent was that 
of conferring a stillness in his paintings 
that at his finest moments recall the 
ennobled imperturbability of Piero della 
Francesca and Velazquez. Also, Seurat 
reflected a geniality that is preserved in 
his images of his place and time. Upon 
these qualities as an artist, Seurat chose 
to impress contemporary theories of 
light and color. He had a keen sense for 
the best theories by the best scientists of 
the time, and he skillfully selected those 
theories that could be best applied to 
his artistic development. And that is 
what this book is about. 

Homer has organized his book around 
six of the major paintings of Seurat. He 
has dissected Seurat’s manner of selec- 
tion of spectral colors and the way the 
colors were applied. The book traces the 


scientific origins for the ideas that 
Seurat used in each of the paintings. 
This is followed by an analysis of the 
paintings themselves to see if the ideas 
were deliberately used and to discern if 
the desired effects were achieved. 
They usually were. 

Homer has done a beautiful job. There 
is space here to distill only an essence of 
Seurat and his sources from the aromatic 
mixture that Homer has brewed. The 
scientist whose writings on color were 
most thoroughly assimilated by Seurat 
was Ogden N. Rood, a physicist at 
Columbia University and a member of 
the National Academy of Sciences. In 
turn, Rood’s synthesis dérived from the 
researches of Maxwell, Helmholtz, and 
Dove; thus, Seurat was close to the 
origins of contemporary studies on 
vision, luminosity, after-images, and 
color-mixing. By juxtaposing pure colors, 
first by cross-stroking (balayé), then by 
painting in thin parallel lines, and 
finally by a true “divisionism” or 
“pointillism,” Seurat sought to present 
a visual mixing of colors along the lines 
originated artistically by Delacroix, pro- 
pounded by the chemist Chevreul and 
the critic Blanc, and quantitatively 
analyzed by Rood. Seurat developed his 
technical capabilities to such a high 
degree that he could even use visual 
mixing persuasively to give the impres- 
sion that his paintings are illuminated 
from behind. 

Having brought coloristic method- 
ology as far as he could take it, Seurat 
addressed himself to the problem of con- 
veying emotions by the direction of 
lines. For this he followed the precepts 
laid down by Charles Henry, his con- 
temporary, and a kind of bizarre Renais- 
sance figure who worked with pro- 
ficiency in mathematics, physics, physi- 
ology, esthetics, psychology, chemistry, 
and the history of science. Still, Seurat 
was careful, in his selection of the ideas 
of Henry, to use only the formulations 
that seemed reasonable and capable of 
being projected onto the canvas. Homer 
analyzes with precision the means that 
Seurat used to convey gaiety in his last 
two major paintings, particularly Le 
Cirque, painted shortly before Seurat 
died. 


This scholarly book by Homer is a 
definitive examination of a great painter 
who was one of the progenitors of the 
modern era of painting. It sets an im- 
posing standard for all historians who 
wish to demonstrate a relation of science 
to their especial field of inquiry. The 
book could be read profitably by the 
scientist, the historian, and the artist, 
and each would learn a different lesson., 
A lesson that all should learn can be 
taken from the permutations from 
Seurat’s exact regime that occurred 
after Seurat died. When Rood reflected 
on his own influence on impressionistic 
painting after seeing the paintings of 
Pissarro and Monet, he stated “I always 
knew that a painter could see anything 
he wanted to in nature, but I never 
before knew that he could see anything 
he chose in a book.” —R. C. von Borstel 


Human Genetics by M. WurrTINGHILL; 
431 pages; $8.95; Reinhold Publish- 
ing Co., 1965. 


'This book is designed for people with 
little or no previous training in geneties 
as well as for those whose training is 
more advanced. Consequently, the au- 
thor has had to blend a text on the ele- 
ments of genetics with a more specialized 
treatise on human genetics. He has 
succeeded in doing this in an interesting 
and informative and readable way, for 
the most part, but has been caught in 
the obvious pitfall of being too brief to 
be clear in a few places (e.g., thé section 
on the control of genic activity in 
Chapter 15). 

The book is divided into four sections. 
The first of these, entitled ‘“Monohy- 
brid Genie Segregation,” has chapters 
covering among other things the con- 
cepts of genotype and phenotype; 
meiosis and mitosis; segregation in a 
monohybrid cross; basic statistics in- 
cluding the binomial distribution and 
chi-squared tests; and the elements of 
population genetics. The second sec- 
tion, “Regular Chromosome Behavior," 
is a potpourri of independent assort- 
ment; linkage and sex linkage; and 
quantitative inheritance. The third 
section, “Biological Interactions,” deals 
with the factors governing the expres- 
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Academic Press 


The Inflammatory Process 


edited by Benjamin W. Zweifach, Lester Grant, 
and Robert T, McCluskey 


A current_and coherent treatment of inflam- 
mation. Correlates traditional and modern 
material in an organization that raises pertinent 
questions against background of_apparently 
acceptable experimental results. The editors 
include discussions of the major immunologic 
mechanisms which give rise to inflammatory 
reactions and explore areas where investiga- 
tions of the immune processes converge. 
More than an encyclopedic background in the 
inflammatory process, the chapters have an 
overlap of information which maintains con- 
tinuity in the development of the author's 
theses to provide a thorough reference work in 
its historical perspective. 


(Z940) 1965, 931 pp., $36.00 


Mammalian Radiation Lethality 
A DISTURBANCE IN CELLULAR KINETICS 


A Volume in the A.E.C. Monograph Series on 
Radiation Biology and Industrial Hygiene 


by V. P. Bond, T. M. Fliedner, and J. O. Archambeau 

Prepared under the direction of the American Institute of 
Biological Sciences 

The study of the responses of the mammal, 
particularly man, to whole-body irradiation, 
and of tumors to therapeutic irradiation. In- 
cludes the latest information on radiobiological 
responses of individual cells and single cell 
populations as well as the nature of the cell 
cycle and cell population kinetics in tissue 
culture and in the intact mammal. 


(B464) 1965, August 1965, 340 pp., $9.50 


Nuclear Hematology 


edited by E. Szirmai 
A multi-volume work. 
(S998) Fall 1965, about 595 pp., $22.50 


Enzyme and Metabolic Inhibitors 
by John Leyden Webb 


(W261) Volume 1: General Principles of Inhibi- 
tion, 1963, 950 pp., $26.00 

(W268) Volume 2, Fall 1965, about 1090 pp., 
in preparation 

(W265) Volume 3, Fall 1965, about 930 pp., in 

preparation 


Mechanisms of Hormone Action 
edited by P. Karlson 


An important collection of articles by leading 
researchers on the recent developments of 
endocrinology, this book contains all the papers 
that were presented to the International Con- 
ference on Endocrine Research held in Mar- 
burg, Germany, under the auspices of the 
NATO Advanced Study Program. Also included 
is a complete record of the extensive discus- 
sions that followed the reading of each paper. 
Available from, Academic Press in the United States, the 
Americas and the British Commonwealth. 


(K160) 1965, 275 pp., $14.50 
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The Biochemistry of 


Animal Development 


edited by Rudolf Weber 


(W258) Volume 1: Descriptive 
Animal Development, - Fall 
pp. $23.00 


Computers in Biomedi 
IN TWO VOLUMES 
edited by Ralph W. Stacy and Bri 


Realistic information on the 
this new field...a guide for 
enter the field in the near fu 
includes a general introductc 
the many aspects of biomedic 
well as sections on computer t 
concepts of application to biorr 
and descriptions of specifi 
grams. 

(S580) Volume 1: 1965, 562 py 
(S582) Volume 2: Fall 1965, 37 


Methods and Goals 


in Human Behavior 6 


edited by Steven G. Vandenberg 
Presents the recent research : 
behavior genetics, and unde 
consideration of the methodo 
encountered in the study of tF 
heredity ‘and environment on 
and personality traits. 


(V070) August 1965, 337 pp., $i 


The Theory of Inbree 
SECOND EDITION 


by the late Sir Ronald A. Fisher 
Available frem Academic Press in the i 
and South America only. 


(F570) July 1965, 150 pp., $6.0( 


Hormonal Steroids: B. 
Pharmacology, and T 


Proceedings of the First Internai 
Hormonal Steroids, Milano, Mat 


edited by L. Martini and A. Pecile 


(M290) Volume 1, 1965, 587 x 
(M292) Volume 2, 1965, 673 pp 


Plant Biochemistry 


edited by James Bonner and Jose 


An advanced consideration of 
activities of plants. The volum 
part of biochemistry which is c 
and animals, as well as thos 
field which are unique to plar 
is written by a selected authc 
his particular subject, who pre 
status of the field and outlini 
future research. 


(B474) Fall 1965, about 1012 pr 
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Recent Progress in Photobiology 


Proceedings of the Fourth International Congress 
of grotobiology held in Oxford, England, July, 


edited by E. J. Bowen 
(8560) July 1965, 400 pp., $12.00 


Avian Myology 


by J. C. George and Andrew J. Berger 
(G360) Fall 1965, about 535 pp., in preparation 


Introduction to Quantitative 


Ultremicroanalysis 


by I, M. Korenman 
Translated by Scripta Technica, Inc. 


Presents a thorough treatment of ultramicro- 
analysis, a relatively new branch of analysis 
that has proved of increasing interest to ana- 
lytical chemists. The book provides several 
effective procedures for analyzing minute 
amounts of sample. The weighing of extremely 
small objects is treated extensively, as are the 
titration and calorimetry of solutions. The 
author also describes at length the highly 
specialized equipment used in ultramicro- 
analysis, as well as some of the simpler micro- 
manipulators. 


(K851) September 1965, 234 pp., $9.50 


Organosilicon Compounds 


by Vladimír Bazant, Vaclav Chvalovský, and Jirt 
Rathouský 


Available from Academic Press in All countries except the 
Socialist Republics. 


(B204) Volume 1: Chemistry of Organosilicon 
Compounds, 1965, 616 pp., $25.00 

(B205) Volume 2/1: Register of Organosilicon 
Compounds, 1965, 698 pp., $25. 

(B206) Volume 2/2: Register of Organosilicon 
Compounds, 1965, 544 pp., $25.00 

(B207) Set: $70.00 


Oxidation in Organic Chemistry 
PART A 
edited by Kenneth Wiberg 


VOLUME 5 OF ORGANIC CHEMISTRY: A SERIES 
OF MONOGRAPHS 


(W896) Fall 1965, about 420 pp., in preparation 


Laboratory Practice of the 
Microbial Transformation 
of Steroids: A Handbook 


by William Charney and Hershel Herzog 
(C236) Fall 1965, about 670 pp. 


The Peptides 


VOLUME 1: METHODS OF PEPTIDE SYNTHESIS 
Translated from the German by Erhard Gross 
by Eberhard Schroder and Klaus Lubke 


n * e 
This first volume of the two-volume work pre- 
sents a detailed description of piciecting 
groups, individual amino acids, and coupling 
reactions. The work stresses problems which 
are of concern to the synthetic peptide chemist 
but methods employed for the synthesis o 
biologically active polypeptides or to purely 
theoretical problems are also covered. The 
complete work includes almost 3000 references 
and a review of all the literature in the field from 
1950 through 1964. A complete bibliography in 
each volume helps to correlate these data for 
the reader. 


(S124) September 1965, 482 poa $20.00 
(S125) Subscription Price: $18.009 


*Subscription price valid on orders for the cemplete set 
received before publication of the last volume. 


Research in Pesticides 
edited by C. O. Chichester 


Proceedings of the Conference on Research Needs 
and Approaches to the Use of Agricultural Chem- 
icals from a Public Health Viewpoint, Held at 
the University of California, Davis, California 


(C276) September 1965, 395 pp., $16.00 


Photographic Atlas of the Moon 


by Zdenek Kopal, Josef Klepesta, and Thomas W 
Rackham 


Provides a comprehensive collection of pho- 
tographs of the moon, including an up-to-date 
account of the physical and dynamic properties 
of the moon and an outline of the many prob- 
lems that still remain unsolved. Of special 
interest are closeup shots of the moon trans- 
mitted from the American spaceship, Ranger 


Available from Academic Press in all countries except the 
Socialist Republics. 


(K830) 1965, 277 pp., $16.00 
Special Price until October 31, $12.00 


Molecular Pharmacology 
AN INTERNATIONAL JOURNAL 


Published under the Auspices of the American Soctety for 
Pharmacology and Experimental Therapeutics, Inc. 


Inciuded are articles which describe applica- 
tions of the methods of biochemistry, bio- 
physics, genetics, and molecular biology to 
pharmacologic or toxicologic problems...as 
well as fundamental investigations which, 
although not concerned with drugs, never- 
theless provide an immediate basis for further 
study of the molecular mechanism of drug 
action. 


Volume 1, 1965 (3 oes): $11.00 
Volume 2, 1966 (6 issues), $22.00 
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sion of the phenotype. The last section, 
"Mutation and Evolution," considers 
spontaneous and induced mutation; 
changes in chromosome number; chro- 
mosome aberrations; and mosaics. 

The book is profusely illustrated with 
original diagrams and figures whose in- 
spiration is derived from Roger Tory 
Peterson’s "Field Guide to the Birds," 
eand whose purpose is to present various 
concepts in simple visual terms. Un- 
fortunately, this approach is not always 
successful and some of the diagrams are 
more confusing than helpful. For exam- 
ple, the Hardy-Weinberg law would be 
clearer if explained in algebraic terms 
than in terms of the diagram given in 
Chapter 6 (Figure 6-1). 

Each chapter is concluded with a 
selection of useful references on human 
genetics and a problem set.—Nicholas 
W. Gillham 


Introduction to General Relativity by R. 
ADLER, et al; 451 pages; $12.50; 
McGraw-Hill Book Co., 1965. 


This volume is a welcome addition to 
the still quite limited list of textbooks in 
a field which is today regaining impor- 
tance. It gives a careful, well-balanced, 
up-to-date account of general relativity, 
pre-supposing an undergraduate knowl- 
edge of special relativity. 

The differential geometry needed for 
Einstein's theory occupies roughly half 
of the text, but much of it is inter- 
spersed with the applications so that the 
reader does not lose sight of the physics. 
It is treated in the classical formalism 
still used in most contemporary research 
in relativity, and includes a discussion of 
differential forms. Of primary interest is, 
of course, the case of four-dimensional 
Lorentz manifolds with Euclidean to- 
pology, and some of the theorems (e.g., 
on p. 84, “Every closed tensor is 
exact") require modification in such 
fields as geometrodynamies, where dif- 
ferent topologies are considered. 

The physical chapters include the 
classical topics—gravitational field 
equations, Schwarzschild solution and 
consequences, linearized field equations, 
equations of motion and conservation 
laws—and a well-chosen selection of 
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more advanced and special topics. 
Such subjects as the initial value prob- 
lem, certain cosmological questions, and 
the Rainich-Misner-Wheeler “already 
unified" field theory are here treated for 
the first time in a textbook. Other valua- 
ble features are discussion of relevant 
experiments, and extensive bibliogra- 
phies at the end of each chapter. 

The authors use very successful didac- 
tic methods of motivation, heuristic 
explanations, and summaries to keep the 
reader aware of the final aim of in- 
volved arguments. In a few instances 
these may become misleading; for exam- 
ple, nearly a whole section (6.5) is 
devoted to a heuristic derivation of the 
light deflection formula which leaves 
the erroneous impression that the cor- 
rect formula can be derived from the 
principle of equivalence alone. Finally, 
the nature of the Schwarzschild “singu- 
larity” could have been clarified by 
including the Fronsdal-Kruskal analysis 
in the extensive chapter on the Schwarz- 
schild solution. 

The extensive and clear treatment of 
general relativity in this book will make 
it a fine text for the serious student of 
Einstein’s theory.—Dieter Brill 


Olduvai Gorge 1961-61, Vol. I—A pre- 
liminary report on the geology & fauna 
by L. S. B. Leakey, et al; 118 
pages; $14.50; New York: Cambridge 
University Press, 1965. 


Since 1931 Dr. and Mrs. L. 8. B. 
Leakey, following up the pioneer work 
of the late Dr. Hans Reck, have been 
exploring and excavating in Olduvai 
Gorge. The surveying phase of their 
aetivities, from 1931 to 1947, was re- 
ported in Leakey's Olduvat Gorge, pub- 
lished in 1951. At that time the emphasis 
switched to large-scale excavating, which 
has been accelerating as financial sup- 
port has increased. Seldom has money 
been better spent. The fascinating dis- 
coveries bearing on the evolution of man 
that have already been reported need 
no retelling here. Anyone with even a 
passing interest in human history will 
join with the Leakeys in expressing 
thanks to those granting bodies, es- 


_ pecially the National Geographic So- 
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THE SCIENTIFIC ESTATE 

By DON K. PRICE j 
Has science become so powerful that it cannot be 
controlled by democratic processes? Writing from 
first-hand experience on governmental planning 
committees and on two presidential advisory 
panels, the distinguished Dean of the Harvard 
Graduate School of Public Administration investi- 
gates the effect of science and technology on the 
American political and economic system. Belknap 
Press. $5.95 


BIOGEOGRAPHY OF THE SOUTHERN 
END OF THE WORLD 


Distribution and History of Far Southern Life 
and Land, with an Assessment of Continental 
Drift 

By P. J. DARLINGTON, JR. 

Based on evidence gathered from numerous 
sources—geologic, climatic, biotic,.and paleomag- 
netic—the author presents a coherent history of 
the southern continents during the last 270 million 
years in an attempt to provide a satisfactory 
theoretical explanation for the distribution of 
special groups of plants and animals among lands 
separated by wide ocean gaps. $5.95 


NEWTONIAN STUDIES 
By ALEXANDRE KOYRE 


These seven lucid, perceptive essays, by one of the 
foremost Newtonian scholars, illustrate various 
aspects of Newton’s scientific thought, showing 
by means of conceptual analysis how his funda- 
mental scientific ideas were related to the main 
currents of philosophic thought and yet were 
determined by empirical controls. $7.95 


LIFE ON THE SEASHORE 

By A. J. SOUTHWARD 

This beginning study deals primarily with the 
descriptive and theoretical aspects of life on the 
shore, starting with the environment, proceeding 
to an account of the zonation and distribution of 
plants and animals, and ending with an investiga- 
tion of adaptation to life on the shore and the 
causes of zonation. Illustrated. $3.00 
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ciety, that have made the work possible. 

This is the first of a projected series of 
volumes that will cover the work done 
during 1951-61. It deals briefly with the 
general geology of the gorge (Chapter 1) 
and sets forth the essentials of the rock 
sequence. Climatie problems are briefly 
discussed in Chapter 7. Hay's prelimi- 
nary study of the stratigraphy of Beds 
el-IV that appeared in Science is re- 
printed as an appendix. Certain papers 
dealing with potassium-argon dating 
and published in Nature are reprinted 
as Chapter 8. Parenthetically, it may be 
said that a date of between 1.75 and 2 
million years for the lowest hominid 
remains now seems reasonably secure. 

The bulk of the volume (Chapters 2- 
6) deals with the faunas, The large 
collections and much better specimens 
that have come from the excavations 
permit extensive revision of the faunal 
lists published in 1951. It is now set 
forth that Bed I is late Villafranchian in 
age, that there is no real faunal break 
between Bed I and the lower part of 
Bed II (this terminology is an inherit- 
ance from Reck; “bed” as used by him 
had a very different meaning from that 
now applied to the word in modern 
stratigraphic parlance), which is re- 
garded as latest Villafranchian and 
essentially contemporaneous with Omo. 
Within Bed II a major faunal and strati- 
graphic break is reported. Faunas from 
the upper part of Bed IT through Bed IV 
are of mid-Pleistocene type. Thereafter, 
the fauna, so far as known, appears to be 
essentially that of modern Africa. Treat- 
ment of the various groups is perforce 
uneven. Only the'suids and bovids are 
discussed by Leakey in any detail. 
Accounts of the others are really prog- 
ress reports, ranging from brief to 
cursory. 

Publication of the projected volumes 
will obviously take some time. Mean- 
while, work at Olduvai continues, new 
discoveries and new interpretations are 
being made. Inevitably, the volumes, 
limited to 1951-61, will be partially out 
of date before they are published. Is 
publication now worth while? The 
answer, of course, is an emphatic yes. 
In any crucial locality, such as Olduvai, 
periodic stocktaking is essential if the 
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undertaking is to continue serving asa . 
standard of comparison and not break 
down under a mass of specimens and raw 
data. As Simpson has well put it in his 
Introduction: “For work of less com- . 
plexity, of less urgent importance, and 
of less worldwide interest to anthro- 
pologists, archaeologists, palaeontolo- 
gists, and geologists, we might be willing 
to await more nearly definitive mono- 
graphic publication. We are not willing to 
wait for available information on Old- 
uvai, and indeed cannot do so if we are to 
continue our related studies effectively." 
May there be many stocktakings before 
the tale is done.—Bryan Patterson 


Technology & Uses of Liquid. Hydrogen, 
edited by R. B. Scorr, et al.; 415 
pages; 17.50; The Macmillan Com- 
pany, Pergamon Press, 1964. 


From the first liquefaction of hydro- 
gen in 1898 (by Sir James Dewar) to 
1952, only small quantities were pro- 
duced and this was done in scientific 
laboratories for experimental purposes. 
From 1952 until the present, various 
processes have created & demand which 
has been estimated as approaching 
48,000 tons per year by 1966. The largest 
plant alone should be now able to pro- 
duce about 60 tons per day. Space 
flight needs use the major share of this 
production. 

These facts, and many others, can be 
culled from R. B. Scott’s introductory 
chapter which serves to summarize the 
chapters and supply background, his- 
tory and supplementary highlights. The 
numerous authors present chapters 
covering most, if not all, of the field(s) 
delineated by the title, from the ther- 
modynamics of liquefaction and large 
scale industrial operations to safety 
measures in the lab and industrial plant. 
Other chapters cover deuterium distilla- 
tion, liquid hydrogen bubble chambers, 
neutron thermalizers and liquid hydro- 
gen as & coolant/propellant for normal 
and nuclear rocket engines. 

All told, there are 15 separate chap- 
ters and subchapters and 16 separate 
authors. Under these conditions the 
editors have done an excellent job of 
maintaining a fairly uniform level of 
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ORGANIZATION FOR PROTEIN 
BIOSYNTHESIS 

Allan Wiseman. Recent investigations have 
confirmed that certain proteins consist of a 
unique sequence of amino acids. This book 
describes how this sequence is specified and 
constructed. An excellent introductory text 
and reference. Aug. $8.00 


EXOTIC DISEASES IN PRACTICE 

Brian Maegrailh. Presents diseases most 
prevalent in different countries and geo- 
graphical areas, their common symptoms and 
signs, detailed pictures, and preventive meas- 
ures, Aug. $9.50 


SEROTONIN 

S. Garattini and L. Valzelli. A study of the 
biochemistry, physiological behavior, localiza- 
tion, turnover and pharmacological effects 


of this amine on various body functions. 
Aug. $25.00 


THE PENICILLIN GROUP OF DRUGS 

Gordon T. Stewart. Describes the evolution 
of medical science following the further de- 
velopment of research on natural antibacterial 
substances. Includes history, types, prop- 
erties, and clinical applications. Oct. $10.00 


NEUROHISTOCHEMISTRY 

C. W. M. Adams. Relates histochemistry to 

biological and medical problems. Discusses 

validity and pitfalls of applied histochemistry. 
Oct. $29.00 


PROGRESS IN BRAIN RESEARCH 
This International Multi-disciplinary Series 
in 26 volumes is designed for laboratory and 
clinical personnel concerned with brain sciences: 
DEGENERATION PATTERNS IN THE 
NERVOUS SYSTEM (PBR Vol. 14) 
M. Singer and J. P. Schade, editors. A series of 
reviews by international experts. Aug. $16.50 
HORIZONS IN 
NEUROPSYCHOPHARMACOLOGY 
(PBR Vol. 16) 
Williamina A. Himwich and J. P. Schade, 
editors. A volume honoring Harold E. 
Himwich. Oct. $18.00 
CYBERNETICS OF THE NERVOUS 
SYSTEM (PBR Vol. 17) 
Norbert Wiener and J. P. Schade, edilors. 
Cybernetics in neurological problems. 

Oct. $22.00 


EXPERIMENTAL ATHEROSCLEROSIS 

P. Consiantinides. A volume devoted almost 
entirely to experimental work related to the 
pathogenesis of the disease. Aug. $14.50 


PROGRESS IN BIOCYBERNETICS, Vol. 2 
Norbert Wiener and J. P. Schade. A. series of 
original and review articles giving examples of 
the applications of cybernetics to various 
areas of biology and medicine. Oct. $14.50 


COMPREHENSIVE BIOCHEMISTRY, 
Vol. 6, Lipids—Amino Acids and Related 
Compounds 

F. Florkin and E. H. Stoíz, editors. Lat- 
est volume in this 27 volume series. Part 
A deals with the chemistry of lipids; Part 
B contains the chemistry of amino acids and 
related compounds. Aug. $17.00 


THE BRAIN VASCULAR SYSTEM 
Harry A. Kaplan and Donald H. Ford. 
This textbook completely encompasses the 
anatomy of the brain vascular system. 
Illustrated. Nov. $11.00? 


BASIC NEUROLOGY 

J. P. Schade and Donald H. Ford. This text- 
book is an introduction to the study of neuro- 
anatomy, neurophysiology, neurochemistry, 
and neuropsychology, based on recently ac- 
cepted concepts. Illustrated. 1965. $10.00 


ENZYME NOMENCLATURE 
1964 Recommendations of the I.U.B. 
International Union of Biochemisiry. Report 
of the Commission on Enzymes, brought up- 
to-date, in a paperbound edition. 

*1965. $2.50 


PHYSICAL AND CHEMICAL 
PROPERTIES OF RIBOSOMES 

Mary L. Pelermann. A critical review of the 
world's literature presented in the light of 
the author's own experience. 1965. $10.00 


IMMUNOLOG Y-—An Outline of 
Immunological Behavior of Man and 
Animals 

David F. Gray. A. concise softcover textbook 
giving an outline of the fundamental aspects 
of immunology and serology. 1965. $2.95 


BIOLOGICAL RHYTHM RESEARCH 

A. Sollberger. A comprehensive work on 
biological rhythm covering research problems, 
and functional sub-divisions. 1965. $25.00 
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technical discussion and style of writing. 
There are only a minor number of 
typographical errors, there is a fairly 
complete and, in some cases, exhaustive 
list of references following each chapter. 

Most of the chapters had been written 
in mid or late 1962 and so the delay in 
publication seems strange but is of 
minor importance in terms of the mate- 
rial under discussion. In conclusion, one 
might say that a fitting subtitle would 
be a Handbook of Liquid Hydrogen. 
It is to be recommended for inclusion in 
‘any technical library and for the per- 
sonal library of anyone connected with 
the use and study of liquid hydrogen. 
—Peter Grosewald 


Theoretical & Mathematical Biology, 
edited by T. H. Waterman & H. J. 
Monowrrz; 426 pages; $12.50; Ginn 
& Co., Blaisdell Publishing Co., 1965. 


This is a collective work; apart from 
three chapters by the editors, it con- 
tains fourteen diverse chapters by as 
many different authors. The value of a 
collective work is best judged by its 
prospective useful half-life, which, for 
similar books, is frequently of the order 
of two or three years; in this particular 
instance we would guess that it is larger 
by, at the least, an order of magnitude. 
The style of practically all the contribu- 
tors is crisp, precise, and highly dis- 
ciplined, and the bibliographies suffici- 
ently selective to be of genuine value. 
Humbfe thanks are due the editors for 
restricting the vast area of molecular 
biology to just two chapters; anybody 
who buys this book is virtually sure to 
have on his shelf already some excellent 
presentations relating to this fashionable 
subject. The volume has one glaring and 
quite readily remedied fault: It should 
be called “Methods of Theoretical and 
Mathematical Biology." Assuming this 
change of title, the book is as excellent 
as such à work ean possibly be. There 
are, on the one hand, no discussions on 
the general nature of the life process; 
on the other hand, such biological detail 
as appears has invariably been sub- 
ordinated to the aim of developing 
generally applicable theoretical methods. 

The reader who approaches this book 
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in the forlorn hope that it will provide 
him with new insight' into the highly 
controversial subject of general biologi- 
cal theorizing will not find his meat here, 
and this might be most fortunate. On 
the other hand, all those numerous 
workers who are in earnest about apply- 
ing meaningful and non-redundant 
theoretical reasoning and mathematical, 
especially system-theoretica] and statis- 
tical methods to their own procedures 
and research results will hardly be able 
henceforth to do without this work. — 
Walter M. Elsasser 


An Introduction to Prehistoric Archeology 
by F. Hore & R. F. Harzer; 306 
pages; $7.00; Hoit, Rinehart and ' 
Winston, 1965. 


'The junior author of this book is the 
editor of the standard basic manual on 
archaeological field techniques in this 
country (A Guide to Archaeological Field 
Methods, 3rd rev. ed., National Press, 
1959), which instructs students on how 
to survey and excavate archaeological 
sites in the field. The book here re- 
viewed, is an attempt to explain to 
laymen and students of anthropology, 
without a bent for field work or the 
practical problems of archaeology, how 
this discipline operates. The authors, 
quite rightly, maintain that no general 
account of archaeological methodology 
has been written, hence this work is a 
welcome addition to archaeological 
literature. To this account additional 
perspective is provided by the inclusion 
of seétions dealing with the definitions 
of the field and historical background. 
Little ‘is mentioned of the content of 
prehistoric archaeology. A more precise 


title for this book would be An Introduc- > 


tion to Prehistoric Archeological Method, 
but such a title would have less appeal 
for the reading public to which it is 
addressed. 

The book is written in 17 chapters 
grouped into 4 parts. Part one is intro- 
ductory, two deals with excavation, 
three with dating, and four with inter- 
pretation. The coverage is comprehen- 
sive, but brief. The writers have an 
extensive background—the senior au- 
thor focusing on the Near East Neolithic 


and the junior author specializing in 
California and western North America — 
which produces a complementary and 
balanced coverage. Referencing is thor- 
ough, and an extensive bibliography and 
detailed index are provided. 

Due to the subject matter the re- 
viewer believes this book will have a 
limited use as a text despite its intro- 
ductory presentation. Archaeology con- 
tent books fill this market and are no 
substitute for a field manual. The 
higher price suggests that the publisher 
is aware of this fact. The book would be 
of great value to the college student 
majoring in prehistory, and the bringing 
together of material on terminology, 
excavation techniques, and interpreta- 
tion makes it a useful addition to the 
professional archaeologist’s library. — 
B. K. Swartz, Jr. 


Experimental Methods in Gas Reactions 
by Sm Harry MzrviuüE & B. G. 
GowzNLOCK; 464 pages; $17; St 
Martin's Press, 1964. 


The first edition of this book was 
written by Farkas and Melville in 1939 
and the book has been out of print since 
1946. In this second edition the book 
has been drastieally revised by Gowen- 
lock under the guidance of one of the 
original authors. The resulting book pro- 
vides a wealth of valuable information 
for graduate students and physical 
chemists studying gas reactions. Useful 
reference data are provided in tabular 
form throughout the book, each of the 
seven chapters having an average of 
eight such tables. The experimental 
techniques are profusely illustrated by 
clear and instructive line diagrams—an 
average chapter has forty such drawings. 
The references to the original literature 
(over 1500 in all) are grouped at the end 
of each chapter and are up-to-date and 
comprehensive. 

The first chapter summarizes the 
kinetic theory of gases and is followed 
by two chapters on the measurement 
and control of pressure and temperature, 
respectively. The next two chapters 
describe the preparation of gases and 
volatile compounds and the analysis of 
gases. The older chemical methods of 


analysis are particularly well de- 
scribed—these methods can often be 
combined most successfully with the 
newer physicochemical methods of mass 
spectrometry and gas chromatography 
which are briefly reviewed. A chapter is 
devoted to photochemical techniques 
and the final chapter describes practical 
methods for the study of gas reactions 
by statie and flow techniques in both 
homogeneous and heterogeneous sys- 
tenis. A brief description of ultra high 
vacuum systems i is also incorporated. 

This book is most successful—its 
wedkest point is in the description of 
modern analytical techniques. In par- 
ticular, the sections on ultraviolet and 
infrared spectral analysis do not do 
justice to the power of these techniques. 
No mention is made of nuclear magnetic 
resgnance methods which have recently 
been applied to the measurement of 
atom concentrations. 

This book can be recommended 
strongly to all practical physical chem- 
ists|and it also contains much that will 
be lof value to others interested in 
vachum technology. The price is some- 
what high. —Graham S. Pearson 


The Development of Weak Interaction 
Theory edited by P. K. Kasin; 286 
phges; $4.95; Gordon and Dreach, 
1964. International Science Review 
Series, Vol. 5. ' 


is volume is another in a series of 
review or reprint volumes. It is a collec- 
tion| of reprints of fundamental and not 
quite so fundamental papers on the 
theory of weak interactions. Included 
are |papers like the original paper of 
Fermi on 8 decay, the paper of Dalitz on 
T decay and the classic paper of Lee and 
Yang on parity violation, along with 
thirty-seven other papers. 

There is no motivation to criticize the 
editor for including’ some nonfunda- 
mental or speculative papers. In fact, 
additional papers only ehhance the 
completeness of the volume. We should 
remember, also, that choice of what to 
include is one of the ways in which the 
editor of a reprint volume expresses his 
own opinion on the subject matter, as 
long as there are no significant omis- 
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A checklist of 11 important 


Kirk-Othmer Encyclopedia of Chemical Technology, Second Edition 

Editorial Board: Herman Mark, Joun J. McKerra, jr., and Donarp F. OrumeRr. 
Executive Editor, ANTHONY STANDEN. 

VOLUME 7 NOW READY, covering Dialysis-Electrostatic Precipitation. 

The whole of this monumental work has been revised from A to Z, with more than 
1,000 experts cooperating to bring it up to date. Subjects covered include funda- 
mentals, analysis and testing of chemicals and materials, operations and equipment, 
inorganic and organic chemicals, and pharmaceuticals. ''For an encyclopedia of chem- 
ical technology to be useful to the chemist and chemical engineer in industry, univer- 
sity or in a research organization, it must be as near pefection as possible. . . . The 
editors of Kirk-Othmer, supported by a large team of expert authors and reviewers, 
are to be congratulated on providing a compendium of information that is as near per- 
fection as possible up to the time of printing. —K. Field, in a review of volume 3 in 
Nature. An Interscience publication. Subscription price: $35.00 Per volume, Single- 
volume price: $45.00 per volume. 


The Alkaloids, Part Il (Chemistry of Natural Products Series.) ; 

By K. W. Benter. Leading authorities describe methods which will guide the chem- 
ist in his attempts to unravel the structure of unknown synthetic compounds or nat- 
ural products. Physical methods, and preparative methods, particularly degradation 
and transformation, are discussed, as well as principles involved in the determina- 
tion of stereochemistry. An Interscierice publication. 1965. 272 pages. $6.75. 


The Chemistry of Vitamins. Volume 6 

By S. F. Dyxs. Another volume in the Chemistry of Natural Products series. This 
book describes, in some detail, the elucidation of structure and the synthesis of each 
of the more important vitamins. The reasons why these compounds are vital to the 
animal organism are briefly outlined. An Interscience publication. 1965. 372 pages. 
$10.00. 


Light-Sensitive Systems: Chemistry and Application of Nonsilver Halide Photographic 
Processes 
By Jagomır Kosar. A comprehensive account of the chemistry of nonsilver halide 


light sensitive systems that provides an essentially complete review of patents and. ; 


other literature published through December 1963. It includes both recent advances 
and historical developments and provides a basis for understanding the broad spec- 
trum of light sensitive systems. A volume in the Wiley Series in Photography & the 
Graphic Arts. 1965. 473 pages. $15.00. i 


Endosymbiosis of Animals with Plant Microorganisms 

By Professor Paur Bucuner. A fundamental book on the biology of Endosymbiosis; 
translated by Dr. Bertha Meuller with the collaboration of Dr. Francis H. Foeckler. 
An Interscience publication. 1965. Approx. 904 pages. Prob. $32.50. 


Suits: Speaking of Research 

By Dr. C. Guy Sorts. Dr. Suits, as Vice-President and Director of Research for the 
General Electric Company during a period of unprecedented growth in R & D effort, 
is in an ideal position to observe, evaluate, and influence the impact of science on so- 
ciety. Through talks to scientific societies, business groups, governmental confer- 
ences, and other audiences, he has articulated his views with insight and candor. This 
book is a collection of his addresses, presented during the most exciting decades in the 
history of technology. 1965. 458 pages. $7.50. 
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Wiley titles for the scientist 
y 


Sex and Behavior 

Edited by Franx A. Bzacn. A unique attempt to approach problems of sexual be- 
havior as viewed in evolutionary perspective and as seen by representatives of many 
different disciplines. This book is the most ambitious attempt to date to bring to- 
gether and interrelate the methods, findings, and theoretical interpretations hereto- 
fore considered separately. Problems confronting the physician dealing with pseudo- 
hermaphroditic infants are assessed in relation to endocrinological experiments in 
lower animals. Extensive field studies of the role of sex in determining social structure 
of wild primates such as the baboon are compared with findings of cultural anthro- 
pologists with respect to the social channelization of sexual patterns in various human 
societies. The two kinds of comparisons involved are between different species of ani- 
mals and man, and between approaches of different sciences to sexual problems. 1965. 
Approx. 608 pages. Prob. $8.95. 


An Introduction to Mathematical Learning Theory 

By Ricnanp C. Arxinson, Gorpon H. Bower, and Epwarp J. Croruers. This im- 
portant new text covers the formulation of mathematical models, deduction of pre- 
dictions, and application to learning experiments and related problems. It enables any 
student who is acquainted with the psychology of learning as well as statistics to 
master the fundamentals of mathematical learning theory—because the text's level 
of formal derivation is elementary, and most of the required mathematical skills are 
developed in the course of exposition, rather than assumed at the outset. 1965. 429 
pages. $9.95. 


Encyclopedia of Polymer Science and Technology: Plastics, Resins, Rubbers, 
Fibers 

Editorial Board: Herman F. Marx, Norman G. Gavronp, Norsert M. BrkArms. 
Throughout the encyclopedia, the articles are divided into five major groups: 1) chem- 
ical substances; 2) polymer properties; 3) methods and processes; 4) uses; 5) general 
background. To avoid repetition of subject matter, articles will mention only briefly 
those parts of the over-all subject discussed extensively in other articles, a truc ency- 
clopedic approach. Throughout each article, analytic and testing methods will bc 
emphasized. This is an Interscience publication. Vol. 2 published in 1965, contains 871 
pages. Subscription price: $40.00 per volume. Single-volume price: $50 thé volume. 
Volume 3 in press. 


Advances in Pest Control Research. Volume 6 

‘Edited by R. L. Mxrcarr. Contains chapters on the following topics: Behavior and 
fate and chlorinated aliphatic acids in soils; penetration and translocation of Rogor 
applied to plants; correlation between biological activity and molecular structure of 
cyclodiene insecticides; natural models for plant chemotherapy; genetic studies on in- 
secticide resistance; nicotinoids as insecticides. The latest volume in a continuing 
Interscience series. 1965. Approx. 296 pages. $11.00. 


Methods of Serological Research 

By J. B. KwaPrwsk1. A comprehensive reference work that covers all serological meth- 
ods described in the scientific literature for the preparation and examination of anti- 
gens. It is specifically designed to assist the researcher in any project in which a sero- 
logical technique is to be used. It supplies not only the technical details for each 
method but also an expert evaluation of its usefulness in particular research applica- 
tions. 1965. Approx. 720 pages. Prob. $18.50. 
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sions, and in this volume there are none. 

Reprint volumes like this one are so 
extremely useful to the researcher work- 
ing in a field or desiring to review or 
begin work in a field, that everything 
possible should be done which would en- 
courage people to edit, and publishers to 
publish such volumes. 

Although most journal pages were 
shrunk photographically for inclusion, 
there is no difficulty in reading any of 
the pages. The volume has a pleasant 
and durable appearance. 

This collection of reprints will interest 
elementary particle physicists most. 
However, Professor Kabir has included 
an historical preface which should help 
the nonspecialist and student.—Frank 
Chilton 


The Phystology of Diurnal Rhythms by 
J. E. HARKER; 114 pages; $83.95; 
New York, Cambridge University 
Press, 1964. 


This book is number 13 of The Cam- 
bridge Monographs in Experimental 
Biology. Like the others in the series, it 
deals with a rather specialized area of 
biology and it can be reviewed from the 
point of view of two types of reader. 
The specialist in the field may be most 
interested in those sections of the book 
in which the author discusses her own 
work, some of which is previously un- 
published. The nonspecialist, or per- 
haps*one who is just entering the field, 
will wish to know whether the book 
serves as a good general introduction to 
the subject. 

There are quite a few errors, only a 
few of which will be mentioned here. 
Several of the figures which have been 
copied or modified from other authors 
are either incorrect or incomplete. For 
example, the ordinates in Figures 11 and 
20 are incorrect and inaccuracy in re- 
drawing some of the figures may lead to 
misinterpretations (Figures 17 and 25). 
Other errors which involve quite errone- 
ous inferences include the incorrect 
statement that the ultraviolet induced 
phaseshift in the Gonyaulaz rhythm is 
photoreversible (p. 57) and the descrip- 
tion of & rhythm in nucleic acid metabo- 
lism in liver tissue by Halberg and co- 
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workers (p. 59). The liver metabolism 
rhythm was studied in intact animals 
rather than in liver slices in vitro as 
suggested by Harker. 

There are also inaccuracies of a quite 
different character, some of which will 
certainly not be obvious even to the 
specialist in the field. For example, in 
Figure 12 of the book, Miss Harker 
presents results of her own (unpub- 
lished?) experiments with the cóckroach 
Blaberus illustrating an ‘“‘after-effect”’ on 
the free-running period length. On the 
same figure, she has plotted the results 
of calculations which she has made from 
the unpublished text figures of another 
worker’s Ph.D. thesis (Roberts, S. K., 
1959, unpublished Ph.D. thesis, Prince- 
ton University) in which another cóck- 
roach, Leucophaea was used. These cal- 
culated points fit her own experimental 
curve beautifully and would seem to be 
confirmation of her results. Roberts, 
however (personal communieation), has 
pointed out that when he plots the re- 
sults from his thesis in a corresponding 
way he gets somewhat different results. 
Other previously unpublished work by 
Miss Harker, which is shown in Figures 
21, 22 and 23, would be of interest to 
the specialist if they were presented 
more completely. Unfortunately, the 
experimental results which aré shown 
are incomplete. For example, no results 
are given for the time taken for Dro- 
sophila pupae to develop from the time of 
costal vein pigmentation to the time of 
eclosion. The absence of this information, 
as well as the absence of a description of 
her methods makes it impossible to 
evaluate these results. These examples, 
which are only two out of several, 
illustrate the limited usefulness of the 
book to the specialist. 

The book is not intended to be com- 
prehensive and no attempt is made to 
discuss the relationship which diurnal 
rhythms have to photoperiodic phenom- 
ena or the orientation of animals by 
celestial clues. Plant rhythms are also 
rather inadequately covered. 

Other books are available which are 
more complete with respect to coverage 
of material and this book makes no 
claim to be a reference source. Neither is 
it a discussion of the problems of the 








































The Quaternary of the United States 


Edited by HERBERT E. WRIGHT, JR. and DAVID G. FREY. This important 
“volume reviews for the first time the status of investigations aimed at deciphering 
the geologic, biogeographic, and archaeological records of the Quaternary Era— 
the last million years of geologic time—for the area of the continental United 
States. Over eighty scientists from diverse disciplines have contributed to this 
great project. 922 pages. Illus. $25.00 


Size and Cycle 


An Essay on the Structure of Biology 


By JOHN TYLER BONNER. In this comprehensive and original book, the 
author attempts to bring the whole science of biology into a new set of ordering 
concepts, taking the life cycle as the essential unit (rather than the adult or- 
ganism) and emphasizing the importance of size in evolutionary adaption. Beau- 
tifully illustrated with figures and plates. 278 pages. 32 pages of illus. $7.50 


Detection Theory 


By IVAN SELIN. In the area of statistical communications, a well-developed 
theory has grown to cover the testing for the presence of a desired process (signal) 
in the presence of an undesirable random process (noise). This book presents an 
adaption of this theory with applications to testing problems that arise in radar, 


communication, and control theory. A Rand Corporation Research Study. 
728 pages. $5.00 


Continuous Model Theory 


Annals of Mathematics Studies, 58 


By CHEN-CHUNG CHANG and H. JEROME KEISLER. This is a study of 


the theory of models with truth values in a compact Hausdorff topological space. 
120 pages. $3.50 


Seminar on the Atiyah-Singer Index Theorem 


Annals of Mathematics Study, 57 


By RICHARD S. PALAIS. The collected lectures from a seminar held at the 
Institute for Advanced Study at Princeton in 1963. 300 pages. $7.50 


Princeton U; niversity Press 
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field. It is rather a summary of some of 
the characteristic features of diurnal 
rhythms. After a short introduction, 
chapters are devoted to a description of 
the environmental control of phase- 
timing, free-running rhythms, and phase 
perturbations. Two other chapters deal 
with physiological processes and with 
abnormalities in rhythmical systems. A 
" short chapter is devoted to a discussion 
of unknown external time signals and 
the work of F. A. Brown and the final 
chapter is & discussion of the author's 
views. 

This monograph does not have the 
scholastie merit which would make it 
useful as a reference work nor does it 
satisfy the need for a book to introduce 
the subject to the nonspecialist. If it 
will stimulate others to do useful work, 
it will perhaps have served a useful 
purpose. —Victor G. Bruce 


Practical Handbook on Spectral Analysis 
by V. S. Bunakov & A. A. YANKOV- 
SKII; 190 pages; $12; The Macmillan 
Co., Pergamon, 1964. 


The purpose of this book is to en- 
courage the use of emission spectro- 
Scopy as an analytical tool in Soviet 
industrial laboratories, as the Foreword 
makes clear. In this task the authors 
ought to have a fair chance of success 
as the book is written concisely and 
straightforwardly with emphasis on 
concrete applications. 

Following a six page introduction of 
elementary theory, the first three 
chapters cover light sources, visual 
methods, and photographic methods of 
spectral analysis. In each case there is a 
description of Soviet instruments availa- 
ble, instructions on their selection and 
use, and descriptions of calibration and 
analytical procedures. There follow 
chapters on the analysis of metals and 
alloys, and of powders and solutions. 
Finally, there is a chapter on setting up 
a spectral analysis laboratory, with costs 
in roubles of the instruments and speci- 
fications for various sizes of laboratory. 
The bibliography lists ninety books and 
articles on the subject, all of them pub- 
lished in the Soviet Union. 

The Russian analyst is thus provided 
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with a useful guide to emission spec- 
troscopy. Its utility for his Western 
counterpart will be understandably less. 
One is left wondering what audience the 
editors of Pergamon Press had in mind 
in publishing the book. It should be of 
greatest value to people interested in 
the state of the art of Soviet spectros- 
copy. These will however be somewhat 
disappointed to find that the book is 
over four years out of date, the Russian 
edition having been published in 1960.— 
Thomas G. Spiro 


The Structure of Atmospheric Turbulence 
by J. L. Lumuny & H. A. Panorsxy; 
239 pages; $9.50; John Wiley & 
Sons, Interscience, 1964. Vol. 12 of 
Monographs & Texts in Physics & 
Astronomy. 


The theory of turbulence in its 
simplest form—homogeneous, isotropic 
turbulence—is a subject which has 
frustrated, and continues to challenge, 
an imposing list of investigators. In the 
much more complicated form of atmos- 
pheric turbulence, it presents problems 
which, though well-nigh intractable at 
present, cannot be ignored by serious 
students of atmospheric dynamics. The 
Structure of Atmospheric Turbulence 
by John L. Lumley and Hans A. 
Panofsky, which combines expert knowl- 
edge of both of these forms of turbulence, 
presents a well-balanced treatment of 
theoretical and experimental studies of 
turbulence in the atmosphere, which is 
quite welcome at this time. 

The book is divided into two parts: 
Part I is an introduction to turbulence 
theory, and Part II gives a description 
of atmospheric turbulence, based on 
measurements but placed within the 
theoretical framework outlined in Part 
I. In turn, Part I contains two chapters 
entitled “Statistical Description of Tur- 
bulence" and “Mechanics of Turbu- 
lence.” The first of these gives a very 
well-thought-out presentation of the 
basic descriptive tools of turbulence 
theory and should be useful as a dic- 
tionary of turbulence for those who 
brave the literature for the first time 
Part II contains three chapters; one on 
the mean winds and temperatures near 
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announces recent scientific 


and technological publications: 


MESON AND BARYON SPECTROSCOPY, by 
D. B. Lichtenberg, Indiana University 


Augmented, updated edition of the article in 
Volume 36 of Springer Tracts in Modern Phys- 
ica (Ergebnisse der exakten Naturwissenschaf- 
ten). Presents discussions of such topies as 
conservation laws, methods of obtaining infor- 
mation about the parities of particles, Adair 
analysis and generalization, Dalitz plot and 
other plots. 


169 pages, 1965 Paperback $2.80 


WORLD MAPS OF CLIMATOLOGY, by H. E. 
Landsberg, H. Lippmann, K. H. Paffen, and C. Troll 


Edited under the sponsorship of the Heidel- 
berger Akademie der Wissenschaften by E. 
Rodenwaldt and H. J. Jusatz as a publication 
of the Geomedicel Research Unit of the Heidel- 
berg Academy of Medicine. 


In publishing the present issue of global cli- 
matic maps, the editors want, on the one hand, 
to encourage scientists using the World Atlas 
of Epidemic Diseases to complement the maps 
by further studies of other correlations. On the 
other hand, they would like to offer to all stu- 
dents in the field of biology and climatology an 
aid for further geo-ecological studies. 


2nd edition, 6 maps, 28 pages, 1966 
Cloth $7.50 


LINEARIZED ANALYSIS OF ONE-DIMEN- 
SIONAL MAGNETOHYDRODYNAMIC FLOWS, 
by R. M. Gundersen, University of Wisconsin 


Springer Tracts in Natural Philosophy, Vol. 1. 
Contents include General Theory, Shock Propa- 
gation in Non-Uniform Ducts, The Piston- 
Driven Shock Wave, Flows with Heat Addition, 
Simple Wave Flows, Formation and Decay of 
Shock Waves, The Effects Due to an Oblique 
Applied Field. 


10 figures, 119 pages, 1964 $5.50 


VISCOMETRIC FLOWS OF NON-NEWTONIAN 
FLUIDS, by B. D, Coleman, H. Markovitz, and W. Noll 


Springer Tracts in Natural Philosophy, Vol. 5. 
Contents include Theory of Incompressible 
Simple Fluids, General Theory of Viscometric 
Flows, Special Viscometric Flows, Experimen- 
tal Methods and Results, Historical Remarks 
(History of the Development of the Theory) 
and an appendix on Mathematical Concepts. 


86 figures, about 200 pages, 1966 Cloth about $10.00 


STUDIES IN NON-LINEAR STABILITY THEORY, 
byWiktor Eckhaus, Université de Paris 


Springer Tracts in Natural Philosophy, Vol. 6. 
Contents include A-Class of Problems in One- 
Dimensional Space, Behavior of Solutions, 
Asymptotic Methods for Problems in One-Di- 
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mensional Space, Analysis of Some One-Di- 
mensional Problems, A-Class of Problems in 
Two-Dimensional Space, Asymptotic Theory of 
Periodic Solutions, Stability of Periodic Solu- 
tions, Periodic Solutions in Poiseuille Flow. 

12 figures, 117 pages, 1966 Cloth $5.50 


RADIATION GASDYNAMICS, by Shih-l Pai, Uni 
versity of Maryland 
The first book to combine the teaching of both 
radiative transfer and gasdynamics to enable 
Scientists and engineers interested in the high 
temperature flow problems to conduct further 
research on either subject. Contents include 
Fundamentals of Radiative Transfer, Gasdy- 
namics with Special Emphasis on the Coupling 
Terms between the Radiation Terms and Gas- 
dynamics, Important Parameters of Radiation 
Gasdynamies, Flow Problems of Radiation Gas- 
dynamies Based on the Continuum P Point of 
View (Wave Motion, Shock Waves and Heat 
Transfer), Kinetic Theory of Radiating Gas- 
Relativistic Mechanics, and Free Molecule Flow, 
about 270 pages, 1966 Cloth $12.80 


MAGNETOGASDYNAMICS AND PLASMA DY. 
NAMICS, by Shih-f Pai, University of Maryland 
Offers for the first time a systematic treatment 
of flow problems of an electrically conducting 
fluid, especially an ionized gas or a plasma, ex- 
amining first the fundamental equations of 
plasma dynamics and its important parameters, 
and dealing with various flow problems such as 
magnetohydrodynamies, boundary layer flow, 
compressible flow, wave motion and shock wave. 
10 figures, 197 pages, 1962 Cloth $9.30 
(Distributed in the USA by_Prentice-Hall, now 
also obtainable from Springer-Verlag New York) 


REAL AND ABSTRACT ANALYSIS, by E. Hewitt 
and K, Stromberg 
A modern treatment of the theory functipns of a 
real variable. 
Designed for standard U.S. graduate courses, 
Includes Set Theory, Stone-Weierstrass Theorem, 
Classical Function Spaces, Complete Treatment 
of Integration Theory. 

476 pages, 1965 Cloth $9.50 


RESIDUE REVIEWS, VOLUME IX, edited by F. A. 
Gunther, Riverside, Cal, 
Residues of Pesticides and Other Foreign Chem- 
icals in Foods and Feeda. 
Includes an article on polynuclear hydrocarbons 
by Professor Gunther, Entomologist at the Uni- 
versity of Calif., Riverside. 

2 figures, 176 pages, 1966 Cloth $6.00 


RESIDUE REVIEWS, VOLUME X, edited by F. A. 
Gunther, Riverside, Cal. 
Residues of Pesticides and Other Foreign Chem- 
icals in Foods and Feeds. 
Ineludes comprehensive cumulative contents, 
subject and author indices of volumes 1-10. 

17 figures, 159 pages, 1966 Cloth $5.50 
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the ground, one on the fluctuating 
quantities themselves, and one on the 
spectra and scales of various quantities. 
It brings out concisely what is known of 
these subjects but never lets the reader 
forget how complicated the problems 
are, nor how much remains uncertain. 

The book is short (under 250 pages) 
and it undertakes a large task. It cer- 
tainly could not pretend to be complete. 
Yet, I was surprised that modern treat- 
ments of turbulence theory, such as the 
cumulant discard and direct interaction 
theories, were omitted, and disappointed 
to find the newly developing studies of 
turbulence in the upper atmosphere 
neglected. Also, though the writing is 
very careful, it certainly is not lively; 
and though details are carefully pre- 
sented, the overall picture is not 
stressed. But, in spite of these objec- 
tions, the book remains a useful and 
competent introduction to the study of 
turbulence in the atmosphere.—E. A. 
Spiegel 


Radiation & Immune Mechanisms by 
W. H. TALIAFERRO, et al.: 152 pages; 
$5.95 cloth; $3.45 paper; Academic 
Press, 1964. 


This attractively produced little 

monograph by three distinguished im- 
munologist-microbiologists is one of a 
series sponsored by the American ln- 
stitute of Biological Sciences and the 
U.S. Atomic Energy Commission with 
the specific purpose of focusing atten- 
tion upon biologists’ increasing utiliza- 
tion of radiation and radioisotopes as 
tools for studying living systems. 
' Although the book includes brief 
introductory accounts of the principles 
of innate and acquired immune mecha- 
nisms, and their humoral and cellular 
phases, it deals principally with three 
important aspects of the influence of 
ionizing radiation on immune mecha- 
nisms: (1) The capacity of X-rays to 
inhibit antibody formation and heighten 
the susceptibility of individuals to in- 
fection under certain conditions; (2) To 
enhance antibody formation under other 
conditions; and (3) To act as a useful 
tool to study the fascinating process of 
the antibody response at the biochemi- 
cal level. 
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Some of the 13 chapters relate radia- 
tion-indueed changes in the primary 
antibody response ‘to biochemical and 
cellular phases; to different species; and 
to the dosages of antigen and irradiation 
involved. Others deal with such inter- 
esting and important topics as the means 
of protecting or restoring the capacity 
for immunological response in irradiated 
animals; the influence of irradiation on 
the phenomenon of immunological toler- 
ance; and the action of radiomimetic 
substances on antibody formation. The 
text is well illustrated with original re- 
search observations. Despite its com- 
pactness, the authors have taken pains 
to make this book self-contained. It 
includes, for example, suceinet up-to- 
date accounts of the function of con- 
nective tissue cells, of the phylogeny of 
the cells involved in immunity, and 
theories of antibody formation. 

There is an excellent glossary, an 
author index, and a bibliography con- 
taining more than 300 references, 
mainly to publications that have ap- 
peared since 1951. Apart from being 
extremely useful to advanced students 
and scientists in other fields, this book 
is prescribed reading for immunologists 
unfamiliar with radiobiological aspects 
of their field. —Rupert E. Billingham 


Atomic Migration in Crystals by L. A. 
GIRIFALCO; 162 pages; $3.75; Ginn & 
Co., Blaisdell, 1964. 


The study of atomic migration 
through crystals is a well established 
though somewhat specialized field. It is 
vital to metallurgists who study the 
transformation or oxidation of alloys, 
and it is a well established research topic 
for solid-state physicists and physical 
chemists. A decade ago it was studied 
only at the graduate level. However, 
with the rapid growth of interest in 
solid-state electronics and the science of 
materials, a much broader segment of 
the technically educated populace must 
have some knowledge of how, and how 
fast, atoms migrate in solids. 

Traditional developments of diffusion 
in solids are long on mathematics and 
relatively short on the geometry of the 
erystals involved. This book is dedicated 
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to the proposition that there is a market 
for a book which “presents a descriptive 
account of atomic migration in terms of 
interatomic forces and the geometric 
arrangement of atoms in crystals’; one 
that is devoid of references and essen- 
tially free of mathematical derivations. 
The audience aimed at is the “intelligent 
layman” or “non-specialist,” and the 
book gives a consistent and clear de- 
velopment that a non-specialist can 
follow. 

The author begins by assuming only 
that the reader believes in atoms and 
then proceeds to discuss the forces be- 
tween atoms, and to develop the various 
crystal structures that are found in 
monatomic solids. This leads easily into 
point defects in crystals, their concen- 
tration, and various mechanisms by 
which diffusion can occur. Some equa- 
tions enter, since they provide the only 
concise way to state the basic differen- 
tial equations of diffusion and the equa- 
tion for the diffusion coefficient ob- 
tained from random walk theory. How- 
ever, the meaning of the symbols in each 
equation is explained along with the 
physical model leading to equation. 

Having progressed from atoms to 
activation energies in 55 pages, the next 
80 pages are devoted to-diffusion in 
metals, in ionic crystals, in covalent 
crystals, and along grain boundaries. 
The book closes with a discussion of the 
effect of a temperature gradient, or an 
electric field, on diffusion. A more 
rigorous (and mathematical) develop- 
ment of certain basic equations, along 
with references for further reading are 
to be found in appendices. 

The book is clearly written through- 
out, and is outstanding in its develop- 
ment of the interplay between crystal- 
line structure and diffusion. It is highly 
recommended to the technical graduate 
of a few years ago who is interested in 
learning about how atoms move in 
crystals, and, it should be in any 
library which caters to this group.— 
Paul G. Shewmon 


Progress in Nuclear Physics, Volume 9, 
edited by O. R. Frisca; 310 pages; 
$15.00; The Macmillan Company, 
Pergamon, 1964. 
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Annual review volumes on a variety 
of subjects are a valuable tradition in 
physics. The present very good volume 
is a representative member of the series 
edited by Prof. O. R. Frisch, of Cam- 
bridge University. Although each 
volume of this series presents à mixture 
of articles that includes both theoretical 
and experimental subjects, the greater 
emphasis tends to be given to detailed 
diseussions of new experimental de- 
velopments. The articles on experi- 
mental subjects seem to be directed 
toward readers who are, in fact, in- 
terested in working in those fields, and 
who wish to become experts. By con- 
trast, the theoretical articles seem to be 
directed toward & more general reader, 
one with & good background for the 
subject in question, but one who is not 
himself likely to become a participant. 

'Three articles of the present volume 
are devoted to experimental devices. 
These are by Rutherglen on spark 
chambers, by Dearnaley on the semi- 
conductor counters that have become so 
valuable for low-energy nuclear physics, 
and by King on high-energy beam de- 
sign. All three articles have been written 
with great clarity. 

An article by Eden describes ‘“struc- 
ture analysis” of collision amplitudes. 
It is a pedagogic presentation of the line 
of thought that lies behind dispersion 
relations, the Mandelstam representa- 
tion, Regge poles, and allied subjects. 
The author largely succeeds in his 
attempt at explaining the standpoint of 
such theoretical work. 

Phenomena of “high-energy physics" 
are treated in two articles. Thus,’ 
Burhop, Davis, and Zakrzewski treat 
the processes that occur when strange 
particles interact with complex nuclei. 
Not only have these investigations 
yielded valuable information about the 
strange particles, but they are likely to 
yield interesting information about ordi- 
nary nuclei. The present article sum- 
marizes experiments using nuclear emul- 
sion techniques. Future work is ex- 
pected to use more powerful techniques. 

The article by Farley is & very clear 
Sketch of the beautiful experimental 
investigations of the interactions of mp 
mesons with the electromagnetic field. 
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It is these investigations that show that, 
aside from questions of production and 
decay, my mesons have all the properties 
of heavy electrons.—N orman Austern 


Carbene Chemistry, Vol. I of Organic 
Chemistry by W. KxRMsz, ei.al.; 302 
pages; $9.50; Academic Press, 1964. 


Of all the developments which have 
taken place in organic chemistry in the 
past fifteen years, probably none has 
brought more fascination than the dis- 
covery and exploitation of divalent car- 
bon intermediates, designated (with the 
zest that chemists have for assigning 
catchy names) “carbenes.” The initial 
surprise occasioned by the first evidence 
of their existence has given way to a 
great deal of research aimed at investi- 
gating their stability, structure, energies, 
and reactions, With the time ripe for a 
balanced review and seasoned appraisal 
of carbene chemistry, this excellent book 
of Kirmse is particularly welcome. 

“Carbene Chemistry” could almost 
serve as a model for a scientific mono- 
graph. It is organized in a logical manner 
and written in a clear and straightfor- 
ward (if somewhat dry) style. As any 
good book of this type should, it re- 
views the literature with a critical eye 
and suggests further experiments. It is 
thoroughly documented and includes 
references through most of 1963. As 
befits the many facets of carbene in- 
vestigation, thorough coverage has been 
given to mechanistic studies, kinetics, 
methods of preparation, reactions, and 
synthetic applications. Two additional 
chapters contributed by H. M. Frey, 
P. P. Gaspar, and G. S. Hammond go 
into more detail on the energetics of 
carbene reactions and the question of 
spin states. 

This book will inevitably be com- 
pared with Hines’ monograph, “Diva- 
lent Carbon,” which appeared at about 
the same time. Neither suffers by the 
comparison, however, since the main 
differences are in emphasis and style. 

Dr. Kirmse has packed a lot of in- 
formation into this compact book, and 
it is a welcome addition to the chemists’ 
bookshelf.—Richard K. Hill 
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Taxonomic Biochemistry & Serology, 
edited by C. A. LEONE; 728 pages; 
$16.50; The Ronald Press Co., 1964. 


'The use of biochemical and serological 
methods as aids to taxonomy has re- 
cently been expanding. This book is a 
collection of 8 mostly excellent reviews 
and 39 representative papers on specific 
research work or reviews of specific 
areas. 

Despite certain exceptions, mentioned 
below, I think it is fair to say that in 
most taxa biochemical (including sero- 
logical and molecularly biological) 
methods have been about as useful as 
the study of a previously neglected 
morphological character or group of 
characters. Any additional character is 
helpful in taxonomy if well studied; the 
methods of biochemistry have not yet 
contributed importantly to either theory 
or major taxonomic revisions except in 
the bacteria. 

This is not to say that such will 
always be the case. There are many 
possible biochemical characters that are 
unstudied (and also many in the be- 
havior, gross anatomy, histology, and 
cytology of the adults and immatures of 
most groups). Some microorganisms, 
especially bacteria and those epi- 
phenomena, the viruses, have few 
morphological characters, and it is 
here that both the greatest achievement 
and the greatest promise of biochemical 
taxonomy seem to lie. Transitional 
(“hybridizing”) populations also fre- 
quently need biochemical study. And it 
is very possible that, when its method- 
ology is stabilized, serology will make 
contributions in many taxa out of pro- 
portion to the number of tests made. 
Serology may indeed become as impor- 
tant tolarge areas of taxonomy as all of 
morphology; I cannot conceive of this 
happening in the next century with 
other biochemieal methods. 

Some biochemical taxonomists, like 
some others, overlook basic taxonomic 
principles. Demonstrably false assump- 
tions in one or more papers of this book 
are the following: taxa classified as 
primitive are primitive in all important 
respects; recency of latest common 
ancestry is the only criterion in taxon- 
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omy; intraspecific variation is unimpor- 
tant; convergence does not occur at the 
biochemical level; and different bio- 
chemical criteria will necessarily give 
the same classification. Most or all 
these assumptions are however re- 
jected as assumptions, and sometimes 
tested, in other papers; biochemical 
knowledge is both compatible and fre- 
quently found with taxonomic com- 
petence.—Leigh Van Valen 


Approaches io Paleoecology, edited by 
J. Imprie & N. D. NswzrL; 432 
pages; $12.50; John Wiley & Sons, 
1964. 


Paleoecology is gradually emerging 
from its stagnant preoccupation with 
reconstructing the original environ- 
ments of single fossil samples. This re- 
construction is necessary as background 
and for establishment of the often 
narrow limits on available data, but in 
itself is of little significdnce for the 
advance of ecological or other major 
generalizations. Although paleoecologi- 
cal data bear on many or most of the 
current problems of population and 
community ecology above the descrip- 
tive level (sometimes in ways different 
from recent data), probably less than 
two dozen papers in the world literature 
have been mainly concerned with these 
areas. 

Thé present volume is the best availa- 
ble summary of the major areas of 
paleoecology. Most of the 19 papers, 
each by a different author, are con- 
cerned with diagenesis (considered 
broadly) and the limitations imposed 
by the physical environment on the 
distribution of marine animals. Some 
` treatment is however given to most of 
the important aspects of paleoecology, 
new as well as old, and there is a moder- 
ate amount of original material. It is 
perhaps significant of the state of 
paleoecology that, although the re- 
placement of faunas in time represents 
one of the two greatest advantages that 
paleoecological data enjoy over recent 
data (the other is accumulation of 
specimens over a relatively long period, 
which is frequently a disadvantage), 
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only one paper (by Shotwell) utilizes 
this advantage.—Leigh Van Valen 


Paleomagnetism & Its Application to 
Geological & Geophysical Problems by 
E. Irvine; 399 pages; $19.50; John 
Wiley & Sons, 1964. 


The essential simplicity of the princi- 
ples underlying the application of fossil 
magnetism to such problems as polar- 
wander and continental drift have in- 
clined many earth scientists to take the 
subject for granted. The data are either 
considered generally to support con- 
tinental drift or rejected outright, com- 
monly for that very reason. For the 
most part, however, neither the accep- 
tance nor rejection are founded on any 
real up-to-date understanding of the 
subject. 

Because of the critical importance of , 
the evidence favorable to continental 
drift the assumptions and techniques 
employed in these studies have under- 
gone rigorous appraisal by workers in 
the field. Although the assumptions 
have not been entirely proved, they 
have been clearly defined; furthermore, 
the requirements of the techniques, from 
sampling through measurement and ex- 
periment to statistical analysis, are 
now of high standard. Paleomagnetic 
evidence today commands serious atten- 
tion and Irving’s book carefully and 
systematically demonstrates why. 

Following a brief introduction to the 
magnetic properties of rocks, a subject 
treated fully in Nagata’s book, Rock 
Magnetism, chapters are devoted to the 
general features of the geomagnetic field, 
and to techniques of sampling, statis- 
tical analysis and presentation of data. 

Chapter five, on “The Reliability of 
Paleomagnetic Observations,” vividly 
illustrates the uncertainties inherent in 
Natural Remanent Magnetism, but also 
how these can often be clarified and 
undesirable components eliminated. It is 
in this field, the refinement of paleomag- 
netic data, that some of the greatest 
progress has been made in recent years. 
This chapter, in particular, should be 
read by all to whom the implications of 
paleomagnetic data are of concern. 

Then follows a review of all paleomag- 


netic data available up to the end of 
1963, and an evaluation in their light of 
hypotheses regarding the past history of 
the earth’s field. 

Chapters seven and eight in turn con- 
sider reversals of magnetization and 
changes in intensity of the earth’s field. 

: Chapter nine, of more general inter- 
est, compares paleomagnetic latitudes 
with latitudes inferred from paleo- 
climatic indicators. The correlation in 
favor of paleomagnetic latitudes rather 
than present day latitudes is impressive. 

Chapter ten, by means of case his- 
tories, gives an interesting illustration of 
the diverse and important applications 
of paleomagnetism in various branches 
of geology. The specific application to 
paleogeographic reconstruction is in- 
cluded here. 

A comprehensive reference list of 
paleomagnetic results and an exhaustive 
up-to-date bibliography are included in 
the Appendix. 

Profusely illustrated, the volume is 
most attractive in its makeup and bind- 
ing, accounting, perhaps, for the cost of 
$19.50. 

The book constitutes a review of all 
the underlying principles, techniques de- 
veloped, and results which have been 
obtained in paleomagnetism to date. It 
is appropriate that the current status of 
paleomagnetism should be documented 
in detail, and the author is to be con- 
gratulated on doing it so well.—Robert 
Hargraves 


Reference Groups (Exploration into Con- 
formity & Deviation of Adolescents) 
by M. Sarr & C. W. Sxerir; 370 
pages; $6; Harper & Row, 1964. 


In this 370-page volume, Sherif and 
Sherif attempt the systematic study of 
adolescents in the informal groups of 
their voluntary association. They seek to 
understand “who the people are whose 
appraisals count for the individual, 
what defines a deed as conforming or 
deviating, and why the individual does 
or does not conform to it” (p. 4). Their 
study focuses on adolescent groups from 
lower-, middle-, and more upper-class 
neighborhoods. It is refreshing to note 
that the authors assume and empirically 
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find that all such groups of adolescents, 
regardless of their particular neighbor- 
hood, function in accordance with 
similar principles of group formation 
and change. The pejorative term, 
"gang," typically used with reference 
to adolescent groups in lower-class 
neighborhoods, is seen to be, in fact, 
only a term which conceals the basic 
similarities of group functioning and 
purpose which cross neighborhood and 
class boundaries. “Their values and 
goals earmark them all as youth ex- 
posed to the American ideology of 
success and wanting the tangible sym- 
bols of that success” (p. 199). It is also 
refreshing to note the general orienta- 
tion which the authors attempt to bring 
to this work: “Our attempt in this 
project has been to place the individual 
in the context of the small group that 
counts in his scheme of things. The 
attempt has also been to place the small 
group in question within the context of 
its physical and social setting, including 
the formal groups and institutions in 
it" (p. 41). This orientation is best 
exemplified in their statement that, “In 
order to understand why the boys steal 
cars...the following information is 
surely pertinent: the enormous success 
of the automobile industry in this 
country; the constant reminders on 
radio and TV that everyone needs a 
éar...;the system of streets and high- 
ways; the mobility and many activities 
a boy can have with acar...” (p. 76). 
For the most part, their specific 
method of research involves observation 
and interview, with the administration 
of some questionnaires. Of their many 
conclusions, those most significant to 
this reviewer are embodied in the follow- 
ing quote and in its implications: 
* ,..the importance of group forma- 
tons in socially undesirable behaviors 
by youth almost precludes great im- 
portance to individual pathology as a 
causative factor. Being a responsible, 
reliable member of a group, who can be 
counted upon by others even in secret 
and dangerous activities, is simply not 
possible for any period of time if one is 
severely disturbed emotionally, subject 
to acute anxieties, depression, persecu- 
tion, or other such symptoms” (p. 279). 
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This reviewer findsit unfortunate that, 
in spite of the aims of this study and its 
general orientation, the product given 
to us to read is only mediocre in its 
overall scope and poor in certain speci- 
fies. The book reads more like a pre- 
liminary report of an early stage of 
work than a more polished, final prod- 
uct. It is excessively repetitive and 
could be edited to less than half its 
size without damage. One likes to 
assume that there must be a richness of 
data, given the samples studied and the 
methods of observation, yet the book 
leaves one with the feeling that this 
“clinical” richness has not been tapped. 
Only the barest minimum of the surface 
of these groups has been examined, at 
least in this report of their work. 

This reviewer does not enjoy harping 
at methodologieal issues; however, the 
questions of observer reliability, more 
sophisticated statistical analyses of the 
data, and other such matters are for the 
most part ignored. This can be forgiven 
in part, but only if the authors can 
provide us with a rich resource pool of 
data, or possibly with a sophisticated, 
tightly knit theoretical framework. As 
has already been indicated, the richness 
of data is absent. We are given only one 
chapter containing anything on the 
order of a descriptive protocol of these 
groups. The work itself is almost totally 
lacking in any theoretical framework 
other than of the most general, loose, 
"hunehy" nature. All of this leads this 
reviewer to wonder why this work has 
appeared prematurely in book form. It 
is better seen as a preliminary report of 
an interesting, potentially profitable 
psychological study.—Edward E. Samp- 
son 


Organic Semiconductors by Y. OKAMOTO 
& W. Brenner; 184 pages; $9; 
Reinhold Publishing Corporation, 
1964. 


The field of organic semiconductors or 
conduction in organic solids has grown 
rapidly in the last few years and a good 
review might be appropriate. This book 
does not fill the bill, however, as the 
title seems to suggest. As the authors 
point out in the preface, they have 


limited their discussion to an account of 
research on the dark-conductivity 
characteristics of organic solids. This 
was a particularly unfortunate choice 
since this aspect of the work on organic 
solids has been relatively unproductive. 

The book consists essentially of a 
compilation of measurements of the 
conductivity of various kinds of organic 
solids. There are chapters on monomeric 
organic compounds, charge transfer 
complexes, polymers, and biological 
systems and a chapter contributed by 
A. F. Armington on electronic carbons. 
Essentially all experimental results are 
reported with no obvious attempt to 
select or emphasize the most significant 
results. 

The second chapter entitled “Elec- 
tronic Conduction Mechanism in Or- 
ganic Materials" is surprisingly inade- 
quate. It consists essentially of an 
extremely elementary discussion of con- 
ductivity in semiconductors. There is a 
chapter on measurement techniques and 
the final chapter is an attempt by the 
authors to predict what is in store in the 
future for organic semiconductors. 

The book would probably be useful 
to an organic chemist who is attempting 
to prepare organic solids which exhibit 
unusual electrical properties and this is 
presumably the audience to whom the 
authors were writing. I would not recom- 
mend the book to anyone interested in 
understanding the electronic properties 
of organic solids or in investigating 
the status of the field.—2. G. Kepler 


Elements of Cytology by N. S. Coun; 368 
pages; $8.95; Harcourt, Brace '& 
World, 1964. 7 ; 


The field of cytology keeps expanding 
beyond its classical and neoclassical 
confines as any healthy active branch of 
science should. As a result, there is felt 
by some teachers of the subject and by 
most commercial publishers a need for 
the impossible: a:modern comprehensive 
text of the ealjbre of Wilson's Cell in 
Development and Heredity. While the 
volume reviewed here has apparently 

„satisfied a publisher, it is not likely to 
please very many serious teachers of the 
subjects nor their students. 


Scales and Weights 


A Historical Outline 
by Bruno Kisch 


This unique survey of the history of 
weighing and its instruments, from the 
earliest known examples in the millen- 
nia before Christ to the modern era, is 
generpusly illustrated with 98 plates de- 
picting scales, weights, and containers 
from the great collections of the world. 
it includes the known hallmarks of the 
scale and weight makers of Western 
Europe and lists of the weights of the world 
and their metric equivalents, by country 
and by name of weight. $15.00 


The Emergence of 


Biological Organization 


by Henry Quastler 


A fascinating essay on systems analysis 
and probability analysis of the origin of 
living things. Quastler relates concepts 
of information theory to problems of cell 
structure and to the creation and trans- 
mission of information in living systems. 
"Quastler has made an important and 
needed contribution . . . the exhibition of 
the problems and possibilities that he has 
given so’brilliantly must be of great help 
in the advance of the subject. This small 
volume Should be read and appreciated 


:Widely."Z-R. W. Gerard. $3.75 


H 
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Aside from a reasonable organization 
of the material into chapters, an 
abundance of additional references and 
a reasonably lucid and instructive chap- 
ter on chromosomal aberrations, there 
is little to recommend this book. The 
work is so heavily burdened by mistakes 
in fact and obscure or meaningless 

„Statements that the nonexpert student 
is likely to be confused if not misled. 

As specific examples of the latter, the 
potential user of the book as a text for 
his students might look at Chapter 2 on 
methodology, particularly at the discus- 
sion of various microscopic techniques, 
at the discussion of the Feulgen reaction 
on pages 160 and 161 (also at the top of 
page 147 where it is equated with basic 
staining), and at the verbal and dia- 
grammatic descriptions of meiosis in 
Chapter 12. In this chapter, the discus- 
sion of crossing over mechanisms is 
particularly disturbing both because of 
its incompleteness and its confusion. 

In this reviewer’s opinion, Cohn’s 
Elements of Cytology does not well 
serve its intended purpose as “a com- 
prehensive balanced survey of the field 
of cytology for the undergraduate or 
graduate student ...”; nor is it likely 
that even a more critical and sophisti- 
cated treatment of the subject matter by 
a single author can provide as good a 
background as is available through a 
judicious selection of authoritative 
monographs on the different topics 
which eonstitute the field of cytology.— 
W. Plaut 


Metal-Ammonia Solutions, | Physioco- 
chemical Properties, edited by G. 
Levourre & M. J. Smnxo; 315 pages; 
$10.50; W. A. Benjamin, Inc., 1964. 


While many excellent review articles 
have been written concerning the com- 
plex metal-ammonia system, this book 
has to rank as the current, prime refer- 
ence source. 

It consists of a series of papers pre- 
sented at the Wey] Colloquium in Lille, 
France, in June 1963 to celebrate the 
centenary of Weyl’s discovery of the 
solubility of alkali metals in liquid 
ammonia. This colloquium listed nu- 
merous specialists in the physiochemical 
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properties of metal-ammonia solution as 
participants. 

Beginning with a foreword by Profes- 
sor Charles A. Kraus, a pioneer investi- 
gator of this system, many excellent 
articles are presented and the discus- 
sions held after each paper are also 
printed. These discussions are very 
interesting and elucidating. 

The most notable articles are those 
of the following: Dr. R. Catterall, the 
mechanical properties of metal-ammonia 
solutions; Professor K. S. Pitzer, the 
nuclear and electron resonance spectra 
of metal-ammonia solutions; and an 
excellent theoretical article by Profes- 
sors J. Jortner, S. Rice, and E. G. 
Wilson, on the theories and models of 
electron binding in solution. 

Anyone who has ever performed in- 
vestigations on metal-ammonia systems 
will consider this book a requisite for 
his bookshelf. Indeed, anyone who is 
interested in a specialized and fascinat- 
ing field of chemistry, will find many 
enjoyable hours of fruitful learning in 
this book.—William H. Brendley 


Polyonimoes (The Fascinating New 
Recreation in Mathematics) by S. W. 
Gotoms; 182 pages; $5.95; Charles 
Scribner’s Sons, 1965. 


The work "polyomino" is an exten- 
sion of the word domino. Just as 
dominoes are plane geometrical figures, 
composed of two equal sized squares 
joined along a common edge, so poly- 
ominoes are plane geometrical figures 
composed of groups of squares of equal 
size, all joined along common edges. A 
single square is called a monomino, 
three squares are called a tromino, four 
squares a tetromino, and so on. Any of 
these plane figures can be referred to as 
a polyomino. 

This book, written by a professor of 
mathematics at the University of 
Southern California, considers the prob- 
lem of arranging a specific group of 
polyominoes to form certain rectangles, 
or to cover specific parts of an 8 by 8 
array of squares, such as, for example, 
a checkerboard. (Calling it a checker- 
board almost gives away the answer to 
one of the first problems Dr. Golomb 


considers—namely, can 31 dominoes be 
used to cover all the squares of a check- 
erboard except the two at opposite 
ends of one of the main diagonals. The 
answer is “No,” and a beautifully sim- 
ple argument based on the color of the 
squares is given in this book.) 

The range of problems considered is 
very large indeed. One chapter is con- 
cerned with the construction of square 
arrays, with a given set of polyominoes. 
Another chapter is concerned with a 
proof that certain configurations can not 
be formed using certain polyominoes. 
The author goes into detail in all of his 
proofs, and all of them seem to be very 
convincing. He digresses from poly- 
ominoes in Chapter 5, which is con- 
cerned with various theorems of com- 
binatorial analysis, but this digression is 
pardonable in such a thorough presenta- 
tion. Later chapters are concerned with 
bigger polvominoes, solid polyominoes, 
and other generalization of polyomi- 
noes. The subtitle of this book is “The 
Fascinating New Recreation in Mathe- 
matics.” In spite of the recreational 
implications, there is a set of exercises in 
one place, and a problem compendium 
in another. These make the book read 
much more like a text book than a 
recreational book. But, in either case, 
the book is a good one.—M. H. Green- 
blatt 


Principles & Applications in Aquatic 
Microbiology, edited by H. Heuxene- 
KIAN & N. C. Donprro; 452 pages; 
$10; John Wiley & Sons, 1964. 


This book, consisting of papers pre- 
sented at the 1963 Rudolfs Research 
Conference held at Rutgers University, 
is a hodgepodge, but an interesting one. 
While nominally concerned with aquatic 
microbiology, the range of chapters is 
great: physiology of photosynthetic 
bacteria, protists, rumen organisms, and 
iron and manganese bacteria; the 
persistence of pesticides in soil; succinct 
reviews of the Sphaerotilus-Leptothriz 
and Arthrobacter genera and of acti- 
nomycetes; hydrocarbon utilization by 
microorganisms; various aspects of 
water and waste treatment; and deterio- 
ration of plastics and fibers in a marine 
environment. 


SAUNDERS announces . . 


Reed and Reed’s 


MENTAL RETARDATION 
A Family Study 











A new book reporting the mental 
status of more than 80,000 individuals 


By ELIZABETH W. REED, Ph.D.,_and 
SHELDON C. REED, Ph.D. Both at Dight 
Institute for Human Genetics, University of 
Minnesota, Minneapolis. 


This prodigious study presents vitally meticu- 
lous data on six generations of relatives of 
mentally retarded patients. It provides a mine 
of information for every geneticist, pyschia- 
trist, sociologist, family counselor—or any 
researcher interested in retardation. 


The pedigrees of 289 mentally retarded patients 
are reproduced in full. Their families are 
traced back in some instances to the 18th cen- 
tury. This monumental project encompasses ex- 
haustive data on 82,217 individuals. The genetic 
and social facts were gathered, beginning in 
1911, by trained field workers from the Eugen- 
ics Records Office at Cold Spring Harbor, N.Y. 
Their original work was painstakingly carried 
forward mainly by the Minnesota Human 
Genetics League and the Dight Institute for 
Human Genetics. 


Hundreds of kinship charts are included, con- 
cisely presenting the mental status of the var- 
ious descendants through succeeding genera- 
tions. Significant observations are given on such 
basic sociologic and genetic questions as: 
The extent to which transmission is involved 
in etiology of mental retardation—Relative 
influence of environment— Whether the poten- 
tial for giftedness is inherited within the 
retarded population—Why there is no steady 
decline in intelligence of the retarded popula- 
tion—How natural selection has functioned in 
regard to intelligence in recent generations 
in the United States. 


Nowhere else in the world today does there 
exist a comparable genetic study on incidence 
of retardation in entire families—in terms of 
comprehensiveness of documentation. 


719 pages, with 415 pedigree charis. $16.50 
New—Published May, 1965! 
—W. B. SAUNDERS COMPANY— 
W. Washington Square, Phila., Pa. 19105 


Please bill me: . 
O Check enclosed (send postpaid) 


Reed & Reed—Mental Retardation—$16.50 


The major criticism of the book would 
be that many of the subjects have been 
dealt with recently in more extended 
form. For instance, Ehrlich has a chap- 
ter on microbial transformation of 
minerals and he has an article in the 
most recent volume of “Advances in 
Applied Microbiology” on the same 
subject. Similarly, Mulder’s chapters on 
Sphaerotilus-Leptothriz and Arthrobac- 
ler appeared in recent issues of “Antonie 
van Leeuwenhoek” and “Annales de 
l'Institut Pasteur," respectively. I can 
understand the value of discussing them 
publicly at a meeting, but I don't feel 
that they need be published more than 
once. Some chapters did present new 
material, among the more interesting of 
which were Starkey’s on transformation 
of organic sulfur compounds and Baars’ 
on the use of infiltration ponds to 
purify polluted water. 

In summary, the book does illustrate 
the variety of problems which involve 
the microbiology of aqueous environ- 
ments, but I wonder whether the special- 
ist will find enough new material here to 
make it worth while for individual pur- 
chase. The individual who wishes an 
introduction to the area will in many 
instances find this book a useful point 
of departure.—Richard I. Mateles 


Archimedes in the Middle Ages, Vol. I— 
The Arabo-Latin Tradition by M. 
CLAGETT; 720 pages; $12; The Uni- 
versity of Wisconsin Press, 1964. 


The character, the problems both 
actual and historical, and the romance 
of the medieval history of the western 
end of the Old World—comprising the 
areas where Greek, Arabic, and Latin 
were the learned languages—have all in 
large measure been generated from the 
peculiar circumstance that the Middle 
Ages were at the same time dominated 
by the recovery and transference of 
ancient learning, and almost committed 
to some sort of originality by the new 
conditions of society and outlook. The 
immensely complicated problem of the 
literary transference of knowledge from 
one part to another of this medieval 
world, through translations and educa- 
tion, has been the subject of almost a 
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century of systematic scholarship. For 
equally as long, scholars have also 
broached the even more complicated 
problem of the motives, opportunities, 
and actual achievements of the medieval 
peoples using Arabic and Latin as their 
learned languages in their use of ancient 
scientific knowledge. In both kinds of 
problem, those of recovery and those 
of use, the difficulties for the historian 
are the most intractable when dealing 
with an author such as Aristotle, rele- 
vant to almost every aspect of thought 
from theology to mechanics, or a sub- 
ject such as the growth of experimental 
science involving a wide range of intel- 
lectual and practical habits from those 
of the academic philosopher to those of 
tne unlettered technologist. Just as 
Galileo achieved scientific success by 
carefully limiting his problems to those 
of the measurement of motion, so the 
historian may do the same by the choice 
of problems readily soluble by available 
historical material. Mr. Clagett in this 
volume has solved once and for all a set 
of very important historical problems, 
and when the second volume of this 
study is published he will, if not actually 
have removed the question of Archi- 
medes in the Middle Ages from the 
realm of historical research, at any rate 
have gone a long way towards having 
done so. 

Archimedes ranks with Newton as a 
generator and model of scientific in- 
quiry. How did his writings survive? 
Modern texts of Archimedes are based 
for the most part on three Byzantine 
Greek manuscripts. The first contained 
all his extant works except ON FLOATING 
BODIES and ON THE METHOD and some 
smaller items. This is the source of all 
Renaissance copies of Archimedes, but 
it is now lost. The second contained the 
mechanical works, including on FLOAT- 
ING BODIES, and is also lost. Both of 
these manuscripts were available to the 
18th-eentury Flemish translator, Wil- 
liam of Moerbeke. The third Byzantine 
manuscript was identified by Heiberg in 
1906 in Constantinople, and added to 
our knowledge of Archimedes’s writings 
the marvellous work oN THE METHOD 
which had been unknown since ancient 
times. No doubt because of this seem- 


ingly strange lack of Greek manuscripts 
of so famous a scientific author, Arabic 
texts of Archimedes are patchy. The 
main treatises which they knew are on 
THE SPHERE AND THE CYLINDER, THE 
MEASUREMENT OF THE CIRCLE, & frag- 
ment of ON FLOATING BODIES, and some 
indirect material from ON THE EQUILIB- 
RIUM OF PLANES in addition to some 
smaller items. One important difference 
between the reception of Archimedes in 
the Arabic and the Latin medieval 
worlds was that in the former his tech- 
niques were mastered in a way in which 
in the latter they were not. This re- 
flects a contrast in the mastery of 
mathematics which is one of the main 
differences between medieval Arabic and 
Latin science. z 

Mr. Clagetts book is in content 
mainly a collection of texts with English 
translations and commentaries. It is the 
product of many years of study of 
manuscripts in European libraries and 
he believes that he has overlooked no 
major text. He has published elsewhere 
the results of his researches into the 
transmission, to the Latin west, of 
knowledge of one of Archimedes’s two 
main thernes, mechanics. The present 
volume deals with the transmission, 
through Arabie mainly, of knowledge of 
the other main theme, mathematics. 
The principal works of Archimedes that 
came to the Latin world through the 
Arabic route were the MEASUREMENT OF 
THE CIRCLE and ON THE SPHERE AND THE 
CYLINDER. Texts of these and of Arabic 
works based on them as well as on some 
of Archimedes’s other mathematical 
writings form the most important items 
in this volume. Latin translations made 
in the 12th century introduced Western 
mathematicians to such important prob- 
lems as those of finding two mean pro- 
portionals between two given quantities 
and the Greek method of “exhaustion.” 
In the striking leap forward in mathe- 
matical competence that becomes ap- 
parent in the 13th century, Mr. Clagett 
has shown that these 12th century 
translations of Archimedes played their 
part side by side with the well-known 
influence of those of Euclid. Outstanding 
examples of the new mathematical 
sophistication of the 13th century can be 


BRITISH GOVERNMENT 
PUBLICATIONS 


RECENT TITLES INCLUDE:— 


EFFECTS OF POLLUTING DIS- 
CHARGES ON THE THAMES 
ESTUARY 


This report was undertaken to 
provide a basis for reducing 
the pollution in the estuary. 


$50* 40 


RESEARCH ON ROAD 
TRAFFIC 


Research on the methods and 
principles which planners can 
use to facilitate traffic low. 


WIND EFFECTS ON BUILDINGS 
AND STRUCTURES $12 


A summary of the International 
Conference held at the 
National Physical Laboratory. 


SILLIMANITE 


A world survey of the properties, 
sources, uses and marketing of 
the Sillimanite minerals. 


$3.00 


THE NATIONAL COLLECTION 
OF INDUSTRIAL BACTERIA 


A catalogue of the strains 
maintained at the Torry 
Research Station. 


$1.80 


AN_INTRODUCTORY 
ACCOUNT OF THE SMALLER 
ALGAE OF BRITISH COASTAL 
WATERS: PART V. 
BACILLARIOPHYCEAE 


(DIATOMS) $36.00 


HEAT BIBLIOGRAPHY 1964 $9.50 


PROGRAMMING IN ALGOL .90 cents 


Available from: 


BRITISH INFORMATION 
SERVICES 


845 Third Avenue 
New York, N.Y. 10022 





359A 


seen in the work of Gerard of Brussels, 
Leonardo Pisano and Jordanus de 
Nemore. 

Mr. Clagett has not only produced a 
fundamental work of reference for 
scholars mainly concerned with textual 
problems. He has provided the only 
possible means of answering a number of 
essential historical questions to which 
he addresses himself. Direct knowledge 
of Archimedes’s texts came first through 
the Arabic route but later through the 
fuller translations made from the Greek 
by William of Moerbeke in 1269. The 
second volume of this book will deal 
with these versions from the Greek, and 
when published will make possible a 
detailed comparison between the two 
traditions. Besides these direct sources, 
knowledge of Archimedean problems 
and methods also became available to 
the West through various indirect 
sources: these were mainly concerned 
with statics and hydrostatics. The most 
important historical problem concerns 
the use made of these new sources of 
mathematical and physical knowledge. 
Mr. Clagett provides evidence for the 
popularity of Archimedes from the wide 
range of references made to him in the 
13th, 14th, and 15th centuries as well 
as from the use made of his methods by 
such eminent mathematicians as Brad- 
wardine, Albert of Saxony and Nicole 
Oresme. But, surprisingly, the in- 
complete Arabic tradition was not only 
the more thoroughly mastered but re- 
mained Better known even after 1269. 
The Moerbeke translation was known 
at least in 14th century Paris, although 
its survival in only three known manu- 
scripts (one complete and two in part) 
indicates a rather restricted popularity, 
but the Greek tradition really did not 
come into its own until the 16th century. 
Then, the translations from Arabic of 
Archimedes, like those of Galen, Hippo- 
crates, Aristotle, and other scientific 
and medical writers, were consciously 
displaced by translations made from the 
Greek. But the first translations of 
Archimedes to be published in print 
were in fact those by Moerbeke, which 
were known among others to Leonardo 
da Vinci, and were pilfered by Tartaglia 
for his edition. Of the other two princi- 
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pal 16th century translators of Archi- 
medes, there is evidence that Com- 
mandino may have known the Moerbeke 
translation, and that Maurolico knew 
both the Moerbeke translation and the 
12th century translation from Arabic by 
Gerard of Cremona of at least one im- 
portant work of Archimedes. Mr. 
Clagett’s book at last makes it possible 
to discuss the influence of Archimedes 
on the growth of science in the Middle 
Ages with real knowledge. Scholars will 
look forward eargerly to the completion 
of his book with the second volume.— 
Alistair Crombie 


Principles of Fluid Mechanics by W. H. 
Li & S. H. Lam; 374 pages; $9.75; 
Addison-Wesley, 1964. 


This is an unusual introductory text, 
likely to find enthusiastic reception in 
some quarters and dismayed rejection 
in others. 

Its scope is accurately indicated by 
the headings of 17 chapters of roughly 
equal length : Introduction, Dimensional 
Analysis, Fluid Staties, Kinematies of 
Fluids, Dynamies of Frietionless In- 
compressible Flow, Irrotational Flow, 
Streamlines and Stream Functions, 
Vorticity, The Momentum Theorem, 
Flow with Gravity, Flow of Viscous 
Fluids, Two-Dimensional Laminar 
Boundary Layers, Turbulent Flow, 
Thermodynamics and Fluid Flows, 
One-Dimensional Steady Compressible 
Flow, Shock Waves and Expansion 
Fans, Similarity Laws in Compressible 
Flows. 

The level of presentation and discus- 
sion is quite sophisticated, and obvious 
care is taken to insure that qualitative 
statements of cause and effect, as well as 
formal derivations, are accurate and up- 
to-date. The pace of the first twelve 
chapters is unhurried, important deriva- 
tions are given with full manipulative 
details, and mathematical aids such as 
vectors and Cartesian tensors are intro- 
duced with exceptional clarity and ease. 
The next four chapters seemed to me 
to be not so uniformly polished, but the 
last chapter is again excellent. 

Two striking features of the book, 
which may stimulate its mixed recep- 
tion, are the following: 


1. Only 7 references to published 
literature are given, thus providing only 
a feeble hint as to past sources and 
future directions of the theory. 

2. Only two photographs of actual 
fluid flows, and one example of experi- 
mental confirmation of theory are in- 
cluded. 

For confidence in the theory, the 
(presumably beginning) student has re- 
course only to his appreciation of logical 
and mathematical consistency, and his 
faith in the authors’ grasp of physical 
reality. 

These features would certainly 
weaken the book as a source for self- 
study, but, in a regular college course, 
they might be regarded as virtues by the 
professor, in whose hands the authors 
leave those aspects of the subject which 
are better exhibited in nature than in 
print, and to whom is reserved the 
pleasant task of suggesting the sense of 
challenge and fascination which fluid 
motions have provoked in past genera- 
tions and with which they beckon to the 
future scholar, scientist, or engineer.— 
Frederick S. Sherman 


Orchids of the Western Great Lakes 
Region by E. W. Case, Jn.; 148 pages; 
$7; Cranbrook Institute of Science 
(Bloomfield Hills, Michigan), Bulletin 
48, 1964. 


This book is intended for the amateur 
field botanist who will find the accurate 
but nontechnical descriptions, the illus- 
trated keys, and especially the photo- 
graphs showing each species in its 
natural setting helpful in identifying 
orchids in the field. The author’s 
familiarity with each of the 52 different 
kinds of orchids that he describes and 
illustrates, gained from 20 years of 
experience with them, is clearly demon- 
strated by his lucid, informative, and 
accurate accounts of their habitat and 
geographical distribution. The distribu- 
tion maps show graphically not only the 
geographic range but also the relative 
rarity or abundance of each species. 
Some species, as Malaxis paludosa, are 
in general excessively rare, perhaps be- 
cause they are also exceedingly incon- 
spicuous, whereas others appear rare 
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good reading. The translation is excellent, 
and I can recommend the book very 
warmly."—PHYSICS TODAY 
Paper $3.75 
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by Earle R. Caley, Ohio State Uni- 
versity 
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quantitative analysis of ancient metals, 
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should be of interest to archaeologists, 
museum workers, and to all who have 
interest in, or are confronted with, the 
problem of determining the composition 
of ancient metallic objects."—4MER- 
ICAN SCIENTIST $10.00 


SINGLE-CRYSTAL FILMS 
Edited by Maurice H. Francombe, 
Philco Scientific Laboratory, and 
Hiroshi Sato, Scientific Laboratory, 
Ford Motor Company 
A collection of papers given at an inter- 
national conference held at the Philco 
Laboratories, Blue Bell, Pennsylvania, in 
May 1963, and divided into four cate- 
gories: nucleation effects, oriented growth 
on amorphous substrates, growth of epi- 
taxial films, and the physical properties of 
epitaxial films. “One might conclude that 
not only every scientific library but also 


- every library of fine arts should have a 


copy of this remarkable book. But the 
persons who need it most are those toilers 
in the field of surface chemistry who are 
not yet convinced that they must define 
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working."—AMERICAN SCIENTIST 
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only because they barely enter the 
region considered, such as Tipularia 
discolor of the southeastern U.S. and 
Cypripedium passerinum, an arctic 
species very recently discovered on the 
north shore of Lake Superior, and whose 
description as the 58rd species was 
added to this book while in press. The 
chapter on growing native orchids will 
appeal to conservation-minded people, 
and it appears at a particularly appro- 
priate time, when interest in native 
plant gardens is rapidly growing.— 
William C. Steere 


Order-Disorder Phenomena by MH. S. 
GREEN & C. A. Hurst; 363 pages; 
$15; John Wiley & Sons, Interscience, 
1964. Vol. V of Monographs in 
Statistical Physics edited by I. 
PRIGOGINE. 


This is a thorough and well written 
account of the methods used in solving 
the two-dimensional Ising mode]. The 
emphasis is on the method of Pfafians 
which the authors have themselves in- 
troduced into the subject, but other 
methods including the original one of 
Onsager are included. The book is to be 
highly recommended not only to physi- 
cists who would like to become ac- 
quainted with the applications of 
Pfafians to certain problems in statisti- 
cal mechanics but also to mathemati- 
cians who are usually quite unaware of 
this complex of beautiful and deep com- 
binatorial*problems.—/1. Kac 


Analysis, Vol. I by E. Hite; 626 pages; 
$10; Ginn & Co., Blaisdell Publishing 
Co., 1964. 


This text is the first of two volumes 
directed to accompany college students 
through an undergraduate calculus 
curriculum, Material generally  pre- 
sented as Calculus I is presented with 
more sophistication than may usually 
be expected in an early undergraduate 
program. Yet the author’s style of pre- 
sentation is particularly pleasant, and 
not in the least reminiscent of the often 
dry and staccato writing so characteris- 
tic of calculus texts. By treating the 
requisite mathematics, Professor Hille 
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does not omit the historical context of 
the subject, and thus discloses insights 
into the development of serious and 
successful mathematical thinking. More 
than 2000 problems help the student 
illuminate the points in the text. Solu- 
tions to odd-numbered problems are 
included in the book. 

Hille prefaces the calculus with the 
language and precepts of set theory and 
the principle of induction. The notions 
of equality, inequality, vectors, limits, 
and functions complete the introductory 
material, The reader’s attention is then 
channeled into the mechanics of differ- 
entiation, integration, infinite series, 
and an ample number of applications of 
these topics. Volume II will examine 
functions of several variables. Thus, 
topics such as partial differentiation and 
multiple integrals will appear in that 
volume. 

This reviewer is pleased to character- 
ize Professor Hille’s work as thorough, 
stimulating, and capable of developing 
mature mathematical thought and prac- 
tical ability early in the student’s 
training. The text is a very creditable 
addition to the mathematical litera- 
ture.—R. W. Wyndrum, Jr. 


Tobacco Alkaloids & Related Compounds, 
edited by U. S. Von Eurer; 346 
pages; $15; The Macmillan Co., 
1964. 


These Proceedings of the Fourth 
International Symposium held at the 
Wenner-Gren Center, Stockholm, Feb- 
ruary 1964, afford a wide-ranging survey 
of the physiological, biochemical, and 
psychological effects of the tobacco 
alkaloids and certain related com- 
pounds upon mammals. An index of the 
magnitude of the problem may be ob- 
tained from the Report of the Advisory 
Committee to the Surgeon General of 
the (U.S.) Publie Health Service en- 
titled “Smoking and Health.” It seems 
that the intake of nicotine alkaloid from 
cigarette smoke alone by United States 
citizens amounts to between 800 and 
1000 metric tons yearly. This is equiva- 
lent to a little more than 6 grams per 
year per person aged 15 years or over, or 
approximately 150 times the single 
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(oral) dose reported to be lethal for a 
man. 

Such figures do not tell the complete 
story. The Wenner-Gren Symposium 
volume is a remarkable and fascinating 
account of the ability of the mammalian 
body to absorb, distribute, metabolize 
and eliminate nicotine and its degrada- 
tion products without suffering serious 
disturbance of normal functions. In 
general, the conclusions of the sym- 
posium seem to coincide with the con- 


clusions of the Surgeon General's Com- 
mittee. These are, “...the chronic 
toxicity of nicotine ...is very low and 
does not represent a significant health 
problem.” 

There are 26 technical papers in- 
cluded in this volume classified as 
medical usage 1, chemistry 2, smoke 1, 
metabolism 3, distribution in body 
organs 1, physiological effects 14, and 
behavior effects 4. Certain of these 
stand out for their clarity and general 
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interest. Schmiterlów and Hansson used 
whole-body radioautography to demon- 
strate an accumulation of intravenously 
injected nicotine-C™ within a very short 
time in the brain. Other sites of signifi- 
cant accumulation were the adrenal 
medulla, the superior cervical ganglion, 
blood vessel walls, the gastric mucosa, 
and the kidneys. The kidney is stated 

sto be the main excretory pathway of 
nicotine and its metabolites. 

The beautiful work of McKennis on 
nicotine degradation in the mammalian 
body is summarized. Hansson and 
Schmiterlów extend the general ap- 
proach taken by McKennis to specific 
body organs wherein they note differ- 
ences in metabolic products. Bovet, 
Bovet-Nitti, and Domino present inter- 
esting evidence that nicotine may 
facilitate certain types of visual dis- 
crimination and learning in rats. There 
are four papers on aminophenol release 
in mammals stimulated by nicotine, 
three papers on circulatory effects, three 
on the nervous system, and one on the 
gastric secretion response to nicotine. 
The symposium closes with a provoca- 
tive view of the role of nicotine in 
smoking pleasure by Ejrup. 

Despite the fact that nicotine is not 
now Officially a health hazard of con- 
sequence, the sponsors of and the 
participants in this Symposium have 
performed a notable service for the 
educated reader by bringing together 
into a single volume so many brief but 
informative papers on a subject of such 
perennial interest.—A. F. Dawson 


Man & Nature Or, Physical Geography 
As Modified by Human Action by 
G. P. Marsu (1864), edited by D. 
LowsNTHAL; 472 pages; $7.95; Har- 
vard University Press (Belknap), A 
John Harvard Library Book, 1964. 


To review a book published a century 
ago would seem to be a task of super- 
erogation, except to comment on the 
editing of its reprint. And indeed this 
editing, as a John Harvard Library 
Book, deserves more than casual men- 
tion. For David Lowenthal, author of 
GEORGE PERKINS MARSH: VERSATILE 
VERMONTER, is thoroughly familiar with 
the life and works of Marsh. 
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He has chosen to edit the first edition 
of Man and Nature, complete with foot- 
notes and his own bracketed comments. 
These latter include significant changes 
made in the several later editions issued 
during Marsh’s lifetime as well as 
references to recent scientific literature 
that illuminates the text. The result is a 
document that should be in the hands of 
geographer, ecologist, historian, and 
land-use planner, as well as the citizen 
with a thoughtful concern for the future. 

The new edition of this great classic 
comes at a time of sharp division be- 
tween those who talk of the control of 
nature and those concerned to control 
human behavior in the light of our ex- 
perience with the operation of nature. 
We have solved two ancient problems— 
the mass production of goods and of 
knowledge, but are far from adjusting 
ourselves to this new facility. 

Marsh’s thesis, it will be recalled, is 
that man has become a major natural 
force, often altering environment to his 
own great disadvantage. The evidence 
supporting this idea was accumulated by 
a scholar and linguist, widely read and 
travelled, a firm believer in the potential 
of applied science, and a man whose 
experience in business had led him to 
respect the practical. 

Two quotations, from the first and 
last chapters, respectively, will serve to 
show the effect of his inquiry: “We are, 
even now, breaking up the floor and 
wainscoting and doors and window 
frames of our dwelling, for fuel to warm 
our bodies and seethe our pottage, and 
the world cannot afford to wait till the 
slow and sure progress of exact science 
has taught it a better economy.” 

And again: “The collection of phe- 
nomena must precede the analysis of 
them, and every new fact, illustrative of 
the action and reaction between human- 
ity and the material world around it, is 
a step toward the determination of the 
great question, whether man is of 
nature or above her." 

With his advantage of an added cen- 
tury of aceumulated knowledge, today's 
reader will profit by his scrutiny of the 
discussion, both the prescient and the 
tentative, of forest influences, hydrology, 
and geological process. He need be 
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warned only that this is a book to be 
savored and not a roadside sign to be 
absorbed in a passing flash—Paul B. 
Sears 


Frameworks for Dating Fossil Man by 
K. OAKLEY; 355 pages; $8.75; Aldine 
Publishing Co., 1964. 


Dr. Oakley’s book, first conceived in 
1958, was shelved in 1961 because of the 
author’s ill health, and was completed 
last year. In it he reviews and evaluates 
the considerable amount of research 
that has been conducted during recent 
years in the closely allied fields of 
Pleistocene geology (Part I) and Palaeo- 
lithic/Mesolithic archaeology (Part II) 
in the Old World. Each of these parts is 
followed by an exceedingly useful list of 
references to works cited in the text and 
for additional reading. In an appendix, 
all the human fossil remains are listed 
with the dates of discovery, stratigraphi- 
eal and archaeological datings, and 
absolute ages where known. Such a book 
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has long been needed and this one is well 
done. 

In his introduction the author defines 
his two main classes of dating: relative 
and chronometric, neither of which calls 
for special comment. It is with his notion 
that the archaeological evidence can be 
used for determining the relativé ages of 
Pleistocene deposits that the present 
reviewer takes issue. Dr. Oakley (p. 9) 
considers that this approach “thas some 
advantage over the paleontological,” 
and he goes on to state “The method of 
dating based on the spread of early 
human cultures is really an extension of 
paleontological dating, for early indus- 
tries (assemblages of artifacts) may be 
regarded as fossilized patterns of be- 
havior which changed (‘evolved’) at 
varying rates and which were acquired 
and transmitted by tradition." Now the 
fundamental fallacy underlying this 
viewpoint is that it fails to distinguish 
between biological or natural factors, on 
the one hand, and cultural processes, on 
the other. Furthermore, the cultural 
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assemblages in question have in most 
instances been relatively dated on the 
basis of geological (or paleontological) 
evidence; therefore, it is logical to turn 
around and apply these results to estab- 
lishing the age of a given human fossil 
or of a geological deposit. In point of 
fact, however, this “method” is not 
often used, as a glance at the fossil 
*hominid dating tables at the end of the 
book (pp. 291-334) will reveal. 

Part I, entitled "Stratigraphical Dat- 
ing,” is extremely well organized and 
clearly expressed. Herein, the author has 
presented the salient facts to meet the 
needs of archaeologists wishing to learn 
the stratigraphical frameworks now 
applied to Pleistocene sequences on a 
regional basis. But in his Part JI, in- 
tended to do the same for the geologist 
who wants to learn the terminology of 
Palaeolithic and Mesolithic cultures, 
Dr. Oakley exposes himself to a certain 
amount of criticism. In the first place, 
the Central European materials are 
„scarcely mentioned; secondly, the Near 
Eastern succession, instead of being 
treated as a regional sequence in its own 
right, is considered as an appendage of 
Europe; and thirdly, no mention is 
made of the numerous and very prolific 
Palaeolithic sites in the territories of the 
U.S.S.R., notwithstanding the fact that 
Several] comprehensive Russian mono- 
graphs have been translated into West- 
ern languages. Chapters 4 and 5 on 
Afriea, as well as 6 and 7 on Southern 
and Eastern Asia, constitute valuable 
and very useful summaries. Certainly 
they tend to counterbalance the several 
shortcomings manifest elsewhere in the 
archaeological section. 

This book is certainly not superficial, 
and one would hope for an expanded 
edition in the future. In the meantime, 
the present version meets a very great 
need in the anthropological literature. 
This reviewer heartily congratulates Dr. 
Oakley on his successful achievement. 
The publication of this book places all 
who are required to teach the subject of 
Early Man in the Old World eternally 
in his debt.—Zallam L. Movius, Jr. 
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Plant Growth & Development by A. C. 
LEOPOLD; 466 pages; $12.50; McGraw- 
Hill Book Company, 1964. 


Experimental botany has made re- 
markable strides in the last two decades. 
This book is a competent and welcome 
summary, at a level suited for advanced 
undergraduates and beginning graduate 
students, of selected aspects of that 
progress. While it breaks no new ground, 
intellectually or organizationally, it will 
serve as a useful supplement to existing 
textbooks of elementary plant physi- 
ology in updating and extending infor- 
mation, and in directing and stimulating 
the interest of the student. 

It begins, as so many recent textbooks 
in experimental botany do, with an 
exposition of the fine structure of the 
plant cell and its organelles, and the 
function of each organelle in biochemical 
and developmental terms. Part I of the 
book concerns Assimilation, under the 
chapter headings of Photosynthesis, 
Organic Translocation, Inorganic Trans- 
location, and Mobilization. The last 
brief chapter is relatively novel in texts 
of this type, and nicely introduces the 
concept of hormone-directed metabolic 
events. 

Part II deals with Growth, under the 
chapter headings Auxins, Gibberellins, 
Kinins, Inhibitors, and Differential 
Growth. Again the last chapter repre- 
sents some innovation in organization, 
serving to introduce such concepts as 
polarity, organ regeneration, differentia- 
tion, tropisms, and control of abscission. 

Part IIT, entitled Development, begins 
-with interesting chapters on Juvenility 
and Senescence, then proceeds to dis- 
cussions of Flowering, Flower Physi- 
ology, Fruit Set, Fruit Growth, Fruit 
Ripening, Tuber and Bulb Formation, 
and Dormancy. The treatment in these 
chapters is straightforward and thor- 
ough. Part IV, Environmental Physiology, 
considers Light, Radiation (other than 
visible light), Temperature, and Water. 
The book closes with a chapter (Part V) 
entitled Applications of Chemieals to 
Plants. 

In each chapter, the author uses a 
narrative style which inereases reada- 
bility. This is further enhanced by the 
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double column format and frequent 
graphs, line drawings, and tables, which 
provide pleasant punctuation of the 
text; also, their placement and content 
are convenient and informative. The 
frequent reference to names of investiga- 
tors and the dates of their publications 
hampers the narrative pace, but will in- 
crease the familiarity of advanced stu- 
dents with the names and temporal 
context of modern plant physiologists. 
The author and subject indices, and the 
detailed citations of references at the 
end of chapters further enhance this 
beneficial feature of the book. 

All in all, Professor Leopold has dis- 
played broad and balanced knowledge of 
his subject, good taste in selection of 
topics and supporting data, and good 
sense in organization. He and the 
publishers are to be congratulated on 
producing an aesthetically pleasing, as 
well as an eminently useful book. T'o 
non-plant physiologists, I would re- 
mark that the book continues the recent 
(since 1952) practice of de-emphasizing 
water relations, which used to constitute 
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more than half of all the subject matter 
in many text books. This ‘‘desiccation,” 
paradoxically, produces a much 
*juicier" product. Also, unlike the older 
books, which crept up on the subject 
through atoms, solutions, and colloids, 
it plunges boldly into the subject, and 
weaves the assumed chemistry and 
physics skilfully into the narrative. As a 
teacher who has previously used this 
direct approach, both in books and in 
the classroom, I applaud the skillful 
manner in which Professor Leopold has 
carried off his latest writing venture.— 
Arthur W. Galston 


Macromolecular Structure of Ribonucleic 
Acids by A. S. Sprrrin; Translation 
Editor, J. A. Srexou; 210 pages; $10; 
Reinhold Publishing Corporation, 
1964. 


Two monographs, previously pub- 
lished in Russian, comprise the book, 
Macromolecular Structure of Ribonucleic 
Acids, by A. S. Spirin. The work 
summarizes the large body of data that 
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has accumulated in this field and 
attempts to correlate macrostructure 
with biological function. An extensive 
bibliography accompanies each mono- 
graph. 

The first monograph deals with the 
molecular weight and solution conforma- 
tion of virus, ribosomal, soluble, and 
messenger RNA. The use of various 
hydrodynamic and optical tools for the 
physicochemical characterization of 
RNA is well illustrated. The second 
monograph, which is initially repetiti- 
ous of the first (even identical pictures 
appear in the two parts), contains a 
detailed description of work on the 
structure of ribosomes. With the struc- 
tural data as background, the biological 
role of the ribonucleic acids is dis- 
cussed. 

The book gives a well-documented 
and up-to-date, review of the pioneering 
work of Dr. Spirin and colleagues, who 
have been concerned with ribosomes and 
ribosomal RNA. However, considering 
for instance s-RNA, the discussion of 
which is already scanty, one is left with 
a picture as was prevalent many bio- 
chemical years ago (1960-62), and this 
period has been fairly well documented 
in other reviews, even by Dr. Spirin. To 
some degree a time lag is unavoidable. 
However, in the light of data available 
in the summer of 1964 (when the manu- 
script was last edited), a more critical 
analysis of previous work, and the in- 
sertion of current concepts, should have 
been possible. 

The bibliography serves as a good 
summary of Russian work in this field, 
although it is by no means exhaustive in 
this respect. 

The monographs are clearly written; 
however, the translation is often literal. 
It is apparent that the translator is not 
versed in the physical and polymer 
terminology of nucleic acid biochemis- 
try. 

The book is expensive. In such a field, 
where "facts" are being continually 
revised, and books rapidly become only 
historical documents, less expensive 
($10) editions (paperbacks) are 
necessary. 

In spite of these shortcomings, the 
volume gives a concise summary of the 
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steps which have led to our understand- 
ing of ribonucleic acids, and thus can 
serve as a good introduction to this 
area, of research.— David Henley 


Progress in Inorganic Chemistry, edited 
by F. A. Corron; Vol. 6; 350 pages; 
$14; John Wiley and Sons, Inter- 
science Publishers, 1964. 


The sixth volume of this series con- 
tinues to provide critical, high-quality 
reviews of important topics in the ex- 
panding field of inorganic chemistry. Of 
the four chapters in the present volume, 
that by B. N. Figgis and J. Lewis on 
The Magnetic Properties of Transition 
Metal Complexes is by far the most 
extensive—203 pages and 670 refer- 
ences. The authors survey modern 
theory of magnetic properties of transi- 
tion metal ions, including effects of 
ligand fields, spin-orbit coupling and 
anisotropy, and then critically evaluate 
published magnetic data for a wide 
variety of transition metal compounds. 
The latter section is particularly valu- 
able for its interpretative coverage of the 
less-familiar 4d and 5d elements. 

The other three chapters cover more 
restricted topics equally well. G. W. A. 
Fowles briefly (89 pages) reviews Reac- 
tion of Metal Halides with Ammonia 
and Aliphatic Amines, covering mainly 
solvolysis and addition reactions of 
halides of representative group IV(B) 
elements and of the transition metals of 
the 4th, 5th, and 6th groups. J. H. 
Holloway, in Reactions of the Noble 
Gases, succinctly (29 pages) sum- 
marizes the status of the exciting com~ 
pounds of the one-time “inert gases" 
from their discovery in mid-1962 up to 
early 1964, mainly the fluorides, oxides 
and aqueous chemistry of xenon. In the 
final chapter, The Coordination Model 
for Non-Aqueous Solvent Behavior, 
R. S. Drago and K. F. Purcell present a 
substantial collection of evidence sup- 
porting & general applicability of the 
coordination model for nonaqueous 
solvents, emphasizing the donor and 
solvation characteristics instead of the ` 
autoionization process of the older, 
solvent system model. Such a "progress" 
article is particularly valuable in these 


SINGLE & DOUBLE | 
MIRROR MONOCHROMATORS 





PHOTOVOLT 


“ultraviolet infrared 


to 20 microns 





1115 Broadway 
New: York, N Y. 100107. 


@, 


"den 200 millimicrons. 
s wi for Bulletin +980 


_PHOTOVOLT, CORPORATION 













| 
| 
| 





circumstances. (However, e in the 
abscissa of Fig. 7 is not dielectric con- 
stant, as labelled, but rather an absorp- 
tion coefficient related to ion associa- 
tion.) 

This series should be included in the 
reading material of all inorganic chem- 
ists and many in related areas as well.— 
John D. Corbett 


Handbook of Applied Hydrology, A Com- 
pendium of Water-resources Tech- 
nology, Ven Ts Cuow, Editor-in- 
chief; 1467 pages; $39.50; McGraw- 
Hill Book Co., 1964. 


Never before has so much hydrologi- 
cal information been placed in a single 
volume, The editor has been successful 
in enlisting contributions from 45 
authors, most of whom are well estab- 
lished as authorities in the general field 
of hydrology. Multiple authorship does 
present problems with regard to con- 


tinuity, level of presentation, and 
organization; however, the editor has 
done a remarkable job in minimizing 
these distractions. 

Almost by definition, if not, intent, a 
handbook is apt to be out-of-date for 
teaching and research purposes at its 
time of publieation. In contrast, the 
Handbook of Applied Hydrology has 
many chapters which appear to be of a 
more lasting quality Some of the 
Stronger sections of the handbook in- 
clude the 4-part section (07 pages) on 
Statistical and Probability Analysis of 
Hydrologie Data, the 5-part section 
(124 pages) on the Hydrology of Flow 
Control, the section (55 pages) on 
Groundwater, the section (54 pages) on 
Runoff, and many others. Reference in 
most of the sections is extensive and 
up-to-date on important topies. Hand- 
books are not.to be used for diggiüg 
deeply into a problem of a, research 
nature, but this one ean be used for 
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initiating literature searches without 
fear of major omissions. 

A few weaknesses are evident. Some 
of the initial sections such as Oceanog- 
raphy, Meteorology, and Geology are 
much too brief. Little mention is made 
of fluvial morphology. Water pollution 
and water supply problems could 
stand more extensive coverage. Culverts 

eand associated design problems are 

hardly mentioned. Several sections are 
textbook condensations with little at- 
tempt made to show applications. The 
role of hydraulic and hydrologic ex- 
perimental models is not adequately 
covered. No doubt many of these defi- 
ciencies occurred as a result of attempts 
to keep the size of the book within 
reason—an end not actually obtained. 

Because of its price, the Handbook of 
Applied Hydrology, will be slow in 
reaching the bookshelves of individual 
students and scientists, but library 
copies will see considerable use during 
the next decade. In summary, the book 
is a real contribution to the field and 
should be well received by hydrologists 
throughout the world—Lucien M. 
Brush, Jr. 


Leisure in America: A Social Inquiry by 
M. Karran; 850 pages; $3.45; John 
Wiley & Sons, 1964, paper. 


Part of the trouble with this book is 
its subject, leisure being such a huge, 
amorphous and overdiscussed topic, 
especially the leisure of Americans. It is 
in fact one of those topics in the process 
of depletion by social scientists and 
professional social critics. For this rea- 
son, saying anything new about it re- 
quires either new research or unusual 
brilliance and originality. True enough, 
the author warns in the preface that 
“neither its tone, nor its conclusions [of 
the book] are startling.” And so it is. 
Besides the lack of substantive original- 
ity—particularly noticeable in a book 
of this length—little is gained by a 
merging of a popular-social-scientific 
approach with the social-philosophizing 
one. It is probably the result of this 
popularizing proclivity that the book 
all too often indulges in stating the 
obvious. For example: ‘Ultimately the 
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difference between philosophy, biology, 
psychology, chemistry, history, anthro- 
pology, and sociology is that, although 
all may be interested in one or another 
aspect of man, each emphasizes a 
particular kind of problem. Each formu- 
lates its own approach” (pp. 14-15). Or: 
“The burden of our analysis has been 
that the tendencies, values, and inter- 
pretations of American life are so diverse 
and multidirectional that the last con- 
sideration—goals taken by our leader- 
ship—must consciously and strategically 
isolate the assets about us and build 
upon them with realistic faith" (itali- 
cized, p. 300). One more example: “The 
purpose of the analysis that follows is to 
free us of self-made prisons of thought, 
easy definitions, and gratuitous ex- 
hortations. From such freedom we may 
explore issues of leisure unfettered by 
the need to defend, uphold, argue, or 
plea" (p. 18). Actually the author does 
take a stand. He is an egalitarian op- 
timist in the American tradition— 
closely following the positions taken by 
Riesman and Shils—who believes that 
the fate of leisure in America is not as 
bleak as most social critics, haunted by 
the vision of mass culture, think. He is 
critical of the implicitly aristocratic 
standards these critics use. Addressing 
himself to the problem of leisure at 
large there is no other central position 
or thread but the aforementioned. 
Rather, this is a survey of the available 
literature on leisure fortified by a very 
strong awareness of all ramifications and 
problems of leisure and its interdepend- 
ence with everything under the sun. 
This almost encyclopedic orientation 
becomes one of the weaknesses of the 
book, and the effort to take up every 
possible aspect and interrelationship of 
leisure and the social-physical environ- 
merit leads to a degree of superficiality. 
Examining leisure from different angles 
in turn leads to repetition also expressed 
in some of the chapter headings (e.g., 
Ch. 4, Leisure and personality; Ch. 19, 
Personality and social roles in leisure). 
At the same time this “encyclopedic” 
approach makes it possible for the 
author to raise all important problems 
that pertain to leisure in America and 
he brings to bear on his discussion much 
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of the relevant literature. Mr. Kaplan 
made a valiant effort to survey a 
difficult, overworked and—in its en- 
tirety—almost intractable topic and 
succeeded in writing what might be 
called a useful introductory text.—Paul 
Hollander "E 


Gene Action by P. E. HARMAN & S. R. 
Susxinp; 158 pages; $4.95 cloth; 
$2.95 paper; Prentice-Hall, Inc., 1965. 


This book made enjoyable and re- 
freshing reading. The chemical basis of 
geneties and various biological implica- 
tions are presented in straightforward 
and understandable prose. The authors 
have succeeded in giving a clear, up-to- 
date picture of a rapidly developing field. 

As part of the Foundations of Modern 
Genetics Series, Gene Action begins with 
an account of base pairing and other 
properties of DNA. Four of the chapters 
deal with the structure and synthesis of 
proteins, mutant proteins, and com- 
plementation. A chapter on secondary 





consequences of gene mutations covers 
a variety of significant physiological 
phenomena. Messenger synthesis, ribo- 
somes, and regulatory processes are 
discussed next, followed by a thoughtful 
treatment of the genetic code. In the 
last chapter, Perspectives and Horizons, 
gene action is considered in relation to 
growth, development, and evolutjon. 
The sequence of topics flows naturally 
and is pleasing. There are numerous 
well-chosen illustrations. Each chapter 
ends with a list of references to reviews, 
books, or experimental papers, and with 
a set of very useful questions. A nine- 
page index is provided. f 
Gene Action is warmly recommended 
to all interested in molecular biology. 
This volume should prove valuable in 
undergraduate as well as graduate in- 
struction. Research workers will dis- 
cover a number of intriguing nuggets. 
In the words of the editors of the series, 
the reader “will find here the seed of 
more than one enigma.” It is to the 
credit of the authors that the puzzles, 
the speculations, and the firm results all 
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emerge in an informative and stimulat- 
ing manner.—Henry J. Vogel 


Multivariate Statistical Analysis for 
Biologists by H. Sua; 207 pages; 
$7.75; John Wiley & Sons, 1965. 


This book is primarily an expository 
treatment of advanced statistical meth- 
ods that are based on the multivariate 
* normal distribution. The reader is intro- 
duced to determinants, vectors, and 
matrices in the first chapter and to 
additional material on these topics in 
later chapters as the need arises. This 
technique may serve to keep the mathe- 
matically unsophisticated reader from 
being overwhelmed by unfamiliar mate- 
rial, but if the reader wishes to refresh 
his memory it may take considerable 
time to locate the particular result 
sought. This reviewer is of the opinion 
that readers who have not had a previ- 
ous introduction to matrix algebra will 
tend to become discouraged and those 
who have already had an introduction 
would find the work more convenient to 
use if the mathematics needed to follow 
the development were summarized in 
one place. However, it must be ad- 
mitted that, in the end, this is a matter 
of personal taste. i 

The presentation is moderately ad- 
vanced in some ways. For’ example, 
matrix notation is used to present 
models and the formulas needed to 
perform computation, and variances 
and covariances of estimators of linear 
functions are derived using matrix 
notation. In other ways, the book is 
more elementary. The distributions of 
test statistics are not derived and many 
statements are made without proof. 
This is not intended as a criticism, for 
the scientists who are most likely to use 
the book can get along quite well with- 
out many of the proofs, and the author 
has taken some pains to explain the 
physical meaning of many of the proce- 
dures presented. 

The book is divided into two main 
sections, Section A covers linear models 
when there is one dependent variable, 
and Section B introduces the reader to 
' the analysis of several dependent varia- 
bles. The topics covered in Section B 
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include the p-variate linear model. 
principal components, canonical analy- 
sis and factor analysis; all are illustrated 
with examples drawn from the biological 
sciences. Appendices on useful computer 
routines, general block designs, and 
missing observations are included. 

Examples are worked in detail in each 
chapter. The computations involved are 
shown at each step in a way which 
makes them easy to follow. The figures 
used to illustrate the text are well 
drawn and are invariably helpful.— 
James E. Grizzle 


The Natural Geography of Plants by 
H. A. Gueason and A. CRONQUIST; 
420 pages; $10; Columbia University 
Press, 1964. 


The Natural Geography of Plants 
is a unique book. For the first time, the 
facts and ideas of plant geographers are 
presented in an appealing form. It is 
written for travellers who enjoy the 
variety of landscapes in the United 
States, for the naturalist who has 
wondered about the distribution of 
Spanish moss, sagebrush, sugar maples, 
hemlocks, and the hundreds of other 
plant species that are our heritage. 

I found it difficult to put the book 
down, because it has a compelling logic. 
From the basic premises of plant dis- 
persal and requirements for survival, 
Dr. Gleason progresses to the present- 
day causes of plant distribution patterns. 
Much emphasis is given to climatic 
relations, succession and other aspects of 
plant ecology. The authors carefully 
avoid speculations about the sweeping 
events of the Tertiary, in spite of the 
considerable body of facts now available 
about the retreat of the tropical flora, 
the differentiation of deciduous forests, 
and the spread of desert vegetation. 
The primary concern is with the floristic 
makeup of present vegetation. The logic 
of Dr. Gleason leads the reader from the 
individual species distribution to the 
establishment of joint ranges, and the 
recognition of ten floristic provinces 
within the continental United States. 
The integrity of these provinces is not 
diminished by the fact that transition 
zones exist; the nature of relics and 
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advancing outposts is put in lucid 
perspective. 

It is rare in modern day publishing to 
find a scientific work so well illustrated 
with full-page photographs of such rich 
texture and contrast. It was a disap- 
pointment to find that no references are 
listed to guide the interested reader 
further into the field of plant geography. 

Dr. Gleason is to be congratulated for 
a clear summing up of the science of 
plant geography; Dr. Cronquist for his 
expert diagnosis of the ten floristic 
provinces—the capstone of the book, 
and for his care in producing an engaging 
and polished book.—K. Lems 


Atlas of North American Astragalus by 
R. C. BanNE2Y; 2 parts, 1188 pages; 
$35 (cloth), $30 (paper). Memoirs of 
the New York Botanical Garden, 
Vol. 13, available through Stechert- 
Hafner Service Agency, Ino., 1964. 


Among the 500 to 600 genera of the 
legume family, Astragalus has by far the 
largest number of species, variously 


estimated at 1200 to 2000, and has long 
been known as taxonomically one of the 
most “difficult.” Mr. Barneby, an 
amateur in the purest sense, has been 
brave, indeed, to commit himself to the 
task of revising even a portion of the 
genus. 

His treatment of the group is gensible 
and practical. He places the number of 
North American species of Astragalus at 
368, many with two or more varieties, in 
contrast to P. A. Rydberg’s comparable 
monograph published in 1929 that in- 
cluded 564 species, with no varieties, 
assigned to 28 smaller segregate genera. 
In reviewing the work of his predeces- 
sors he takes a kindly and understand- 
ing attitude. He does not condemn nor 
underestimate their efforts but, rather, 
considers them in historical perspective. 

The literary style of the introductory 
portion in Part I is clear and very reada- 
ble. The “Systematic Treatment” in- 
cludes a synopsis of the North American 
species, grouped in seven "phalanxes." 
Adequate descriptions are provided for 
all recognized taxa. There are some 17 


373A 





pages of keys for identification, con- 
veniently arranged by geographic re- 
gions, and a series of 163 maps to show 
geographic distribution. 

There are no other illustrations except 
that each volume has a beautiful half 
tone frontispiece depicting one species of 
Astragalus, the drawings presumably 
the work of the author. One wishes that 

ere could have been many more. 

Barneby’s treatment is primarily 
taxonomic but he summarizes the cur- 
rent, incomplete, morphological and 
cytological knowledge of Astragalus. 
His Atlas should form an excellent basis 
for future work on the cytogenetics and 
chemotaxonomy of the genus. 

The general format of the two 
volumes is pleasing. A few inevitable 
typographical errors can be found. 
There are two somewhat minor incon- 
veniences. One is that to find the 
author's name and the literature .cita- 
tion of a given taxon, one must search 
the fine print; I should prefer that the 
authority, at least, be shown in the 
heading. The other is that, in the index, 
page numbers are not given for syno- 
nyms; instead, one is referred to the 
so-called "correct" name, an unnecessary 
delay. 

The fact that Barneby has made de- 
tailed field surveys as well as careful 
herbarium investigations, and, as he 
says, the genus Astragalus has been a 
favorite subject of study and contem- 
plation for more than 20 years, has re- 
sulted in a monograph that could well 
set a standard to be emulated by his 
professional colleagues.—Velva E. Rudd 


Mathematics: Its Content, Methods, and 
Meaning, edited by A. D. ALEKSAND- 
ROV, et al., translated by S. Gour», 
et al.; Vol. I, 358 pages; Vol. II, 376 
pages; Vol. III, 356 pages; boxed $30; 
M.I.T. Press. 


A three volume work, translated from 
the Russian under the auspices of the 
American Mathematical Society, is 
designed to give the serious reader a 
comprehensive view of mathematics, 
past and present, with some indication 
of future direction. The high level of 
readability is attested to by the large 
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number of nonmathematicians who are 
enthusiastically working their way 
through the set. 

The enormous scope is indicated by 
the twenty chapter headings: 


A General View of Mathematics, 
Analysis, Analytic Geometry, Algebra: 
Theory of Algebraic Equations, Ordi- 
nary Differential Equations, Partial 
Differential Equations, Curves and 
Surfaces, Calculus of Variations, Func- 


: tions of a Complex Variable, Prime 
Numbers, Theory of Probability, Ap- 


proximations of Functions, Approxima- 
tion Methods and Computing Tech- 
niques, Electronic Computing Machines, 
Theory of Functions of a Real Variable, 
Linear Algebra, Non-Euclidean Geom- 
etry, Topology, Functional Analysis, 
Groups and Other Algebraic Systems. 


Of course there are important areas 
which have been omitted e.g., statistics, 
information theory, linear programming, 
and combinatorial analysis, but diges- 
tion of the material presented would 
make acquaintance with untouched 
areas much easier. 

Some unevenness, perhaps the result 
of writing and rewriting, is occasionally 
exhibited. Thus, e.g., the section en- 
titled “Representations and Characters 
of Groups” is five pages long and has 
only two sentences on group characters. 

The high quality of exposition, the 
unparalleled breadth, and the emphasis 
on concept rather than proof for proof’s 
sake should do much to raise the level of 
mathematical literacy everywhere.— 
Roger S. Pinkham 


La Science Contemporaine, les sciences 
physiques et leurs applications, edited 
by L. Leprince-RINGuET; Vol. 1, 360 
pages, 1964; Vol. 2, 360 pages, 1965; 
no price; Librairie Larousse, Paris. 


This quarto-size, two-volume set, in 
French, is intended for the intelligent 
layman interested in learning of modern 
physical science. There are about two 
dozen long articles on as many topics, 
written by French scientists and engi- 
neers. The topics range from such things 
as relativity and physics of waves, 
through satellites and radio astronomy, 


to computers and electronics. Mathe- 
matics is employed where it is appropri- 
ate. There are many photographs and 
well-planned line drawings, with exten- 
sive use of color. This reviewer wishes 
that such handsome and interesting 
works had been available for reading 
practice at the time he was trying to 
learn technical French.—W. J. Cunning- 
ham 


Foundations of Thermodynamics by P. 
Fone; 94 pages; $2.50; Oxford Uni- 
versity Press, 1963. 

The Second Law, An Introduction to 
Classical and Statistical Thermody- 
namics by H. A. Bunt; 429 pages; 
$6; Oxford University Press, 1965. 


These two books deal with somewhat 
the same subject matter and at some- 
what the same introductory level, but 
do so from quite different viewpoints. 

The little book by Fong is a mono- 
graph devoted largely to a development 
of the second law of thermodynamics. It 
does so, starting with known experi- 
mental facts relating to spontaneous 
changes of thermal, mechanical, and 
compositional types. A mathematical 
argument is used to define a potential 
function which increases during spon- 
taneous changes, and which is additive 
for parts of a composite system. After 
this potential function is obtained, it is 
shown to be equivalent to the quantity 
entropy, historically found through a 
different line of reasoning. There is a 
final chapter on the microscopic inter- 
pretation of thermodynamics. 

The longer book by Bent also de- 
velops the second law in a logical 
manner, but starts with different ex- 
amples and follows a different and less 
mathematical line of reasoning. It 
covers a wide range of material, slanted 
toward applications in chemistry. Each 
short chapter appears to contain the 
lecture of one day in a college course. 
Many of the chapters are followed by 
selections from scientists of the past, or 
interesting comments about them, e.g., 
Joseph Blaek on melting ice, Planck on 
Clausius's hypothesis, Carnot on motive 
power of heat, an obituary for Maxwell’s 
demon. À feature is the large number of 
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problems of widely diverse sorts, with 
solutions. Problems and solutions oc- 
cupy almost as much space as the formal 
text itself. 

Both these books should be of interest 
to anyone teaching or learning basic 
thermodynamics, and each is appealing 


for a different reason.—W. J. Cunning- 


ham 


= 
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The Primates by S. Ermer & I. DEVORE 
& Tae Eprrons or Lire; 200 pages; 
about $5; Life Nature Library, Time 
Incorporated, 1965. 


One of the latest additions to “Life 
Nature Library," written by a profes- 
sional writer, an anthropologist, and the 
editors of Life, attempts the over- 
whelmingly difficult task of presenting 
an accurate, comprehensive, and also 
popularly written account of man’s 
closest relatives. The attempt is not 
wholly successful, for it is difficult to 
summarize the vast literature on the 
Primates concisely, accurately, and 
clearly for any but fellow researchers. 

There are several features of the 
book which make it a useful and reason- 
ably good popularization of an import- 
ant scientific subject. The book has 
some of the best photographs of pri- 
mates this reviewer has ever seen. These 
photographs were collected not only 
from Life’s own superb staff photogra- 
phers, but also from a large number of 
investigators who are today studying 
primates in their natural habitats. 
Many of the excellent marginal illustra- 
tions serve to enhance the text and 
explain quickly some of the general and 
theoretical points. For example, the 
hands of various primates are imagina- 
tively presented in the positions they 
assume when grasping objects. 

The book begins with a definition of 
the Order Primates as a whole and de- 
scribes briefly, with superb illustrations, 
each major group within the Order. The 
text and pictures are presented in 
approximately the sequence in which it 
is believed each of the major groups of 
living primates became a separate 
evolutionary lineage. Somewhat more 
than half of the book is devoted to an 
account of the behavior of the more 
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social of the primates. There is con- 
siderable emphasis upon recent work 
on communication among the primates. 
There is also an extended discussion of 
the ways in which group integration is 
achieved in various species. Since one of 
the authors is noted for his work with 
baboons, it is not surprising that a large 
portion of this material on behavior is 
devoted to these charming and social, if 
not entirely sociable, primates. There 
are summary accounts of current re- 
search on the psychology and general 
biology of the Primates; there is a sur- 
vey of the transition from ape to man; 
and there is a good introduction to the 
study of the expression of emotions 
among nonhuman primates, including 
some delightful marginal illustrations of 
expressions of emotions in chimpanzees. 
All too little is said about the desperate 
necessity of instituting conservation 
measures if our fellow primates are to 
survive for more than another genera- 
tion or two. The book has an adequate 
bibliography and an index. The text is 
generally informative but the authors 
have not achieved the delightful balance 
between the conveying of complex in- 
formation and the clarity of style that 
characterizes the best scientifie populari- 
zations.—J'ohn Buetiner-J anusch 


The Life of the Rainbow Lizard by V. A. 
Harris; 174 pages; 21s; Hutchinson 
& Co., Ltd., London, 1964. 


Notice of this monograph seems de- 
sirable for it is a welcome addition to 
the several attempts in recent years by 
too few herpetologists to provide what 
is in each author's judgment a compre- 
hensive account of the biology of a 
species of reptile. The present work is 
the result of six years of observations, 
most of which were made on Agama 
agama living on the grounds of the 
University of Ibadan in Nigeria. Also 
included are observations on Agama 
populations living under different eco- 
logical conditions in Lagos and Zaria. 

Identification of individual lizards 
was based on gular pattern recorded by 
photographs and color coding with paint. 
According to Harris the gular pattern 
appears to be as specific to his lizards 


as the fingerprint is to man. Most of this 
study is concerned with behavior, but 
there is information on thermal rela- 
tions in a chapter entitled “A Place in 
the Sun” and structure of the integu- 
ment is discussed under “A. Coat of 
Many Colours.” There is a short chap- 
ter on natural populations. Such chapter 
headings give some indication of the 
tone of this readable account. The 
author’s style, which he says may 
appear anthropomorphic, is undoubt- 
edly aimed at wider circulation. It is 
sure to be offensive to some. 

It is not my purpose in this brief note 
to discuss the controversial subject of 
territoriality which occupies much of 
this work or to point out the areas 
where there is a lack of information: on 
the life history of Agama. The latter 
will be obvious to those that search for 
them. However, it should be mentioned 
that the monograph is not without error. 
A paper by Charles M. Bogert pre- 
sumably (1949, Evolution 8 (3) 195- 
211) is cited erroneously on page 53 and 
is not to be found among the list of 
references. With regard to the review of 
the literature, the paper of A. J. Mar- 
Shall and R. Hook (1960), Proc. Zool. 
Soc. Lond., 134, 197-205 on reproduc- 
tion of Agama seems pertinent but is 
not among the list of references. 

Agama agama is a lizard of more than 
casual interest to students of reptiles, 
and Harris presents much information of 
value. The attractive format, construc- 
tion, and price of this monograph are a 
credit to the publishers.—J. P. Kennedy 


Human Tumours Secreting Catechol- 
amines by H. HERMANN & R. Mornex, 
translated by R. Crawford; 207 pages; 
$8.50; Pergamon Press, The Mac- 
millan Company, 1964. 


In recent years, there have been 
many advances in our knowledge of 
catecholamine-secreting tumors. ‘Thus, 
a modern perspective on the subject 
would be quite useful. Unfortunately, 
the present book falls short of this goal. 
The book is a review of 507 cases of 
pheochromocytoma (only 13 being the 
authors’) and is mainly descriptive and 
documentative rather than synthetic 
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and interpretive. The title is misleading 
in that exclusive concern is with pheo- 
chromocytoma; the interesting secretory 
aspects of neuroblastomas are men- 
tioned only in one sentence and ganglio- 
neuroma not at all. The presentation per 
8e is often curiously oblique even allow- 
ing for translation from the French (a 
favorite word is "semeiology"). 

The book is organized into four main 
sections entitled: Clinical Features, 
Diagnosis and Treatment, Anatomical 
and Biological Investigations, and Phys- 
iopathology. Errors of omission and 
misinterpretation are most obvious in 
the second section. The authors favor 
bioassay of urinary catecholamines 
(spinal dog) for routine diagnosis and 
offer an inadequate and downgrading 
summary of the status of chemical 
diagnosis. No chemical structures are 
shown and routes of catecholamine 
metabolism as indicated in their figure 
23 (a “synoptic table") are confusing. 
Description of medical management in 
relation to surgery is not sufficiently 
detailed and the recent approaches of 
adrenolytic treatment preoperatively 
and volume replacement to obviate 
routine use of pressors post-operatively 
is not dealt with sufficiently. Medical 
management of malignant cases is not 
mentioned. In the third section attempts 
to relate catecholamine contents to size 
of tumors and type of hypertension 
(paroxysmal vs. sustained) is of interest. 
The digeussion of physiopathology is 
superficial. 

While the book is not a scholarly 
treatise it is an excellent reference source 
and deals with many of the unusual 
aspects of an interesting disease. It is 
of value to one with special interests in 
pheochromocytoma but is not recom- 
mended as an authoritative text for 
those who have only a casual knowledge 
of the subject.—Albert Sjoerdsma 


Flame Spectroscopy, Parts I & LI by 
R. MavRODINEANU & Part II by H. 
Borrgux; 721 pages; $42, boxed; 
John Wiley & Sons, 1965. 


The title is somewhat misleading 
since this is a treatise on analytical 
spectroscopy with particular reference 
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to the spectra emitted by various ele- 
ments in acetylene—air and acetylene— 
oxygen flames. The book is divided into 
three parts. Part I (215 pages) consists 
of an historical introduction and 14 
chapters devoted to the discussion of 
general flame properties and to the 
design and operation of flame burners 
for analytical spectroscopy. Part II 
(848 pages) consists of 8 chapters which 
describe the theory of the production of 
spectra and the spectra of the chemical 
species involved in acetylene flames. 
Part III consists of reproductions of the 
spectra excited in acetylene flames by 
various elements, a wavelength table, 
and a bibliography. 

The standard of writing is variable; 
where the authors restrict themselves to 
analytical spectroscopy the book is 
excellent. Parts II and III are good. Part 
I suffers from superfluous sections and 
diagrams—for example, sectional dia- 
grams of pressure regulators and rotame- 
ters in Chapter 4, and the diagrams of à 
liquid-liquid continuous extractor and a 
still for high purity water belong to a 
general laboratory manual and not to a 
book such as this one. The color photo- 
graphs of flames are only of general 
interest and could have been omitted 
advantageously. 

It is to be regretted that the manu- 
script appears to have been written in 
1960-1962 and the references in some 
chapters are somewhat old. However, in 
the chapters on analytical spectroscopy 
additional references up to 1964 are 
added in blocks at the end of the rele- 
vant chapter but these are not referred 
to in the text. As might be expected, 
the English in this book is sometimes 
rather strange. In particular, the use of 
the terms “combustible” and *'eombus- 
tive" for the much clearer “fuel” and 
“oxidant” is to be regretted. 

This book can be recommended as a 
handbook on analytical spectroscopy 
with many valuable tables of data. It 
would be very useful to anyone wishing 
to start from scratch in analytical 
spectroscopy without any previous 
knowledge. The more general sections 
could have been shortened and the 
colour photographs omitted, thus re- 
ducing the price—Graham S. Pearson 


Blood & Bone Marrow Cell Culture by 
H. J. Woopuirr; 141 pages; $6; J. B. 
Lippincott Co., 1964. 


The author has provided a rather 
accurate summary of his monograph 
at the beginning of the final chapter: 
“The review of the literature on blood 
and bone marrow cell cultures presented 
in the preceding chapters reveals that 
in vitro studies of these cells have pro- 
vided useful information about some 
aspects of normal and pathological 
haemopoiesis. For the amount of work 
that has gone into such studies, how- 
ever, the positive results appear rather 
meagre. This is due to the limitations of 
present technical methods. The poten- 
tial value of cell culture methods is 
great, and recent advances along several 
lines suggest they will be used more fre- 
quently in the future.” 

The monograph appears to be in- 
tended for hematologists who may be 
interested in the techniques of cell 
culture and their applications to hema- 
tological problems. As the author points 
out, these applications have as yet been 
of limited value. Emphasis is placed 
primarily on the results of descriptive 
studies using the light microscope. The 
older literature is covered quite thor- 
oughly, and the results are analyzed 
critically. 

The author is mainly interested in 
such possible applications of cell cul- 
tures as their use in the diagnosis and 
classification of leukemia, assessment of 
drugs used in the therapy of leukemia, 
assay of hemopoietic stimulating hor- 
mones, and culture of various types of 
normal blood cells for use in replace- 
ment therapy. In the opinion of the 
reviewer, the greatest successes of the 
application of techniques of blood and 
marrow cell culture have not been in 
these fields, but in other areas, such as 
cytogenetics. The author mentions the 
cytogenetic work briefly in a section 
devoted to the action of phytohemaglu- 
tinin on blood cell cultures, but does not 
discuss the results obtained. 

This book would be a useful addition 
to a general medical library, as a refer- 
ence work for those interested in the 
. history and present status of techniques 
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of blood cell culture. 1t is not of particu- 
lar value to those interested in the 
applications of these techniques in fields 
other than hematology.—J. E. Till 


Nuclear Interactions by S. DEBENEDETTI; 
636 pages; $16; John Wiley & Sons, 
1964. 


* Present-day graduate students in 
physies are in an unenviable position 
compared to their predecessors. A 
generation ago, it was still possible for 
graduate students to understand the 
basic ideas discussed in most of the 
papers published in The Physical Review. 
Today, however, this is seldom possible. 
Even in one’s own field, one often can- 
not make much sense of a paper without 
a considerable expenditure of time and 
effort. Because of this lamentable state 
of affairs, today no physicist can truth- 
fully claim to be an expert in all phases 
of nuclear physics. Accordingly, it is an 
occasion of great rejoicing when a book 
appears which will help to bridge the 
ever-widening gap between graduate 
physies courses and research work. 
Professor DeBenedetti’s exemplary text- 
book is such a work. 

As this book takes its readers to the 
very forefront of our knowledge of 
nuclear physics, it will be necessary for 
them to have had courses in classical 
mechanics (Goldstein), electromagnetic 
theory (Stratton), mathematical phys- 
ics (Moyse and Feshbach), nuclear 
physics (Leighton), and quantum me- 
chanics (Merzbacher). The outstanding 
virtue of this book is that it is a labor of 
love. The author actually explains the 
subject. Authors often expound—a pro- 
found and important difference. No 
idea is introduced without the accom- 
panying physical motivation and its 
fruitfulness developed in considerable 
detail. All mathematical steps are given 
in most instances, and there are no “It 
ean easily be shown that...” and “It 
is left as an exercise for the reader to 
show that...” to frustrate the reader. 
Numerous applications of the theory are 
given, and the bibliographies are excel- 
lent, detailed, and modern. 

In Chapter 1, the general properties 
of nuclear forces are discussed. It begins 
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with a discussion of the conservation 
laws and symmetries of space-time and 
ends with a discussion of the two-body 
problem. In Chapter 2, nuclei contain- 
ing three or more nucleons and the 
many-body problem are discussed. The 
various models of the nucleus and the 
specific features and shortcomings of 
each model are developed in detail. As 
our knowledge of the nucleus comes 
primarily from scattering experiments, 
Chapter 3 is devoted to scattering 
phenomena of all kinds—neutron, elec- 
tron and nucleon scattering and polari- 
zation effects. Chapter 4 is devoted to 
interactions between nucleons and radia- 
tion, a fairly well-understood process. 
Chapter 5 on nuclear reactions is a 
modern version of the treatment found 
in Blatt and Weisskopf. It must be 
admitted that our ignorance in this 
regime is still considerable. Chapter 6 
treats the relativitistic interaction be- 
tween fermions and radiation. A very 
clear and concise discussion of Feynman 
diagrams as propagators is given, which 
even experimentalists should have no 
trouble understanding. The treatment 
is rather incomplete, for there is no 
mention of Wick’s theorem and the sub- 
tleties connected with the S-matrix 
approach. For such matters, the reader 
must consult Schweber or Bjorken and 
Drell. Pion physics is the subject of 
Chapter 7, and considerable experi- 
mental data are given along with a fine 
physically motivated discussion. The 
book ends with a readable treatment of 
weak interactions. 

This is a remarkable book and de- 
serves the serious attention of physicists. 
It will undoubtedly be widely adopted 
and used as a textbook and as a refer- 
ence. The typography is good, and there 
are relatively few misprints. Physicists 
are indebted to Professor DeBenedetti 
for taking time out to write such an 
excellent book.—Howard Chang 


Cosmic Rays by B. Rossi; 268 pages; 
$5.95 cloth, $2.95 paper; McGraw- 
Hill Book Co., 1964. 


Studies of the cosmic radiation have 
been immensely fruitful for twentieth 
century physics. Prior to development 


of high-energy particle accelerators, 
cosmic ray phenomena constituted the 
sole clue to the realms of subnuclear 
processes lying beyond those hinted by 
radioactivity. The history of the use of 
cosmic rays as a tool for prying into 
those secrets has now been retold in 
fascinating form by an investigator who 
has himself been intimately involved in 
that history for several decades. 

Rossi’s book can be enthusiastically 
recommended to a broad range of 
readers. Specialists in the field of cosmic 
radiation should find his narrative ex- 
citing. At the other extreme, even under- 
graduate science students will find this 
an outstanding (the outstanding?) ac- 
count of the intriguing area of cosmic 
radiation. Historians of science must 
not fail to take notice of Rossi’s book, 
for it gives a deeply discerning treat- 
ment of a field rich in implications for 
modern science history and studded 
with surprising twists and turns of 
interplay between theory and observa- 
tion. 

From the heroic age of cosmic ray 
research, beginning with the 1912 
balloon ascent of Victor Hess, and mov- 
ing on after the war years to the ener- 
getic field work of Millikan (who coined 
the slightly unfortunate name ‘cosmic 
rays" beeause he felt sure for many 
disputatious years that these were 
exira-energetic gamma rays) and Comp- 
ton (whose observations were instru- 
mental in revealing that the “rays” 
were in faet charged particles), Rossi 
traces expertly and engagingly the 
steps by which two generations of 
diligent physicists sorted out the almost 
unfairly confusing array of events that 
comprise the atmospheric interactions of 
the cosmic radiation. Clarifications ran 
neck and neck with new confusions 
through the thirties; but after World 
War II attacks on many fronts nearly 
cleared the field within ten years. 
Today, the great remaining question is: 
where and how are the cosmic ray 
primaries formed? 

Rossi, in & final epilogue, suggests 
that future historians of science may 
“close the chapter on cosmic rays with 
the fiftieth anniversary of Hess’s dis- 
covery.” That may or may not be what 
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the future holds; but Rossi’s retelling of 
those fifty years of cosmic ray research 
will probably be the definitive historical 
treatment for years to come.—James E. 
McDonald 


X-Ray Optics & X-Ray Microanalysis, 
edited by H. H. PATTEE, et al.; 622 
pages; $22; Academic Press, 1964. 
Proceedings of the 3rd International 
Symposium, Stanford University, 
California, August 1962. 


The publication of Symposium pro- 
ceedings is now a widely accepted pro- 
cedure in spite of serious objections that 
can be raised against this practice. 
Many communications offered to the 
public through this medium would not 
survive the reviewer’s scrutiny if sub- 
mitted to a reputable scientific journal. 
Usually, the tutorial papers contributed 
by authoritative invited speakers are 
repetitions of material already pub- 
lished elsewhere, with minor alterations, 
if any. If important original papers are 
published in Symposium proceedings, 
the information presented will probably 
appear later in a slightly different format 
in a scientific journal. 

The proceedings of the Stanford 
Symposium on X-Ray Optics and 
X-Ray Mieroanalysis demonstrate that 
shortcomings observed in many pub- 
lications of this kind can be avoided. 
Most of the papers in this volume are 
communications of significant original 
work. The presentations are clear and 
readable, and careful editing is apparent. 
A review of the literature published 
since the Stanford meeting indicates 
that most authors did not think it 
necessary to re-publish their work 
through other channels. 

The Stanford symposium is the third 
of a series of international meetings 
organized by V. E. Cosslett, A. Eng- 
strém, and H. H. Pattee. To the be- 
wilderment of the librarian, these 
editors have chosen to change the titles 
of their successive symposia and of the 
respective proceedings. The first of the 
series (Cambridge, 1956) was called 
“X-Ray Microscopy and Microradiog- 
raphy,” and the second (Stockholm, 
1959) “X-Ray Microscopy and X-Ray 
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Mieroanalysis." The fourth symposium, 
to be held in Paris, in September 1965, 
wil be entitled “X-Ray Optics and 
Microanalysis.” This change of empha- 
Sis from microradiography to micro- 
analysis (mainly electron probe micro- 
analysis) is reflected in the contents of 
the successive proceedings, as pointed 
out by V. E. Cosslett in the first paper 
of the current volume. Of 52 papers, 12 
deal with x-ray physics and general 
aspects, 12 with diverse x-ray absorp- 
tion techniques, mostly applied to 
biological specimens, 25 papers concern 
mieroprobe analysis, while 3 deal with 
microfluorescence techniques. Some 
areas of applied x-ray physics such as 
x-ray microradiography are by now well- 
established techniques, while, in reflec- 
tion x-ray optics and’ microscopy, there 
is little hope for practical advance in the 
near future. The electron probe, how- 
ever, has become a powerful tool of wide 
application; furthermore, the theory of 
quantitative electron probe microanaly- 
sis was, at the time of the Stanford 
meeting, in a state of evolution. 

Under these circumstances, one would 
expect that obsolescence would quickly 
affect the significance of publications 
concerning quantitative probe analysis, 
particularly in view of the fact that the 
Proceedings appeared 15 months after 
the Symposium. Curiously, in spite of 
further developments in this field, most 
of the communications in this category, 
such as those of Duncumb and Shields, 
of Archard and Mulvey, of Poole and 
Thomas, of Green, and particularly that 
of Philibert, have, if anything, gained 
in perspective. The appearance of these 
papers has greatly stimulated the 
analysis of the electron impact and x-ray 
production in solid targets. It is proba- 
ble that the procedures for quantitative 
analysis recommended by the above 
mentioned authors will be further im- 
plemented, modified, and adapted to 
digital computing routines. The re- 
viewer expects that the papers con- 
tained in this book will be of permanent 
value to the scientist interested in 
quantitative x-ray spectrography.—K. 
F.J. Heinrich 


Elementary Coordination Chemistry by 
M. M. Jones; 473 pages; $18.60; 
Prentice-Hall, Inc., 1965. 


A good many chemists will appreciate 
the labors of Mark M. Jones in drawing 
together in this book so many loose ends 
of the vast and diffuse field of coordina- 
tion chemistry. His scope is very broad, 
covering ccordination compounds of the 
various elements, the nature of their 
bonding, determination of structures 
and of stability constants, thermochem- 
istry, synthetic methods, polymerization, 
isomerism, electron exchange, hydroly- 
sis, application to catalysis, and biologi- 
cal significance. To these topics he 
brings a sense of historical development, 
a wealth of references, and several 
valuable tabulations of experimental 
results. The result is a useful guide to 
those in the field who would broaden 
their perspective, as well as to those who 
want an introduction to any of its 
varied aspects, 

The book’s title suggests that it is 
also intended for use as a textbook. 
Indeed a number of exercises are in- 
cluded at the end of each chapter and 
methods and equations are generally 
developed in greater detail than would 
be necessary for a reference work. For 
teaching purposes, however, the book is 
rather amorphous, a quality inherent in 
its breadth of coverage. On the other 
hand, one is left with the feeling that the 
space devoted to procedural details 
might better have been given over to 
more critical evaluation of the ap- 
proaches presented. 

Inevitably, for such a wide range of 
material in a field developing so rapidly, 
some of the information is out-of-date. 
For example, mercury (11), discussed 
as one of the two ions whose hydrolysis 
products ere not polynuclear (p. 210) 
has recently been removed from that 
category (Ahlberg, Acta Chem. Scand., 
16, 887 (1962). 

These are minor faults. As a most 
useful introduction and guide to the 
field, the book belongs on the shelves of 
all with an interest in coordination com- 
pounds and their properties —Thomas 
G. Spire 
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The Current Interpretation of Wave 
` Mechanics: A Critical Study by L. pz 
Broc; 96 pages; $6; American 
Elsevier Publishing Co., 1964. 


This slim volume summarizes in a 
: semipopular fashion de Broglie’s con- 
‘tinuing criticism of the Copenhagen 
' interpretation of quantum mechanics 
*and outlines the alternative interpreta- 
tion proposed by de Broglie, the theory 
of the double solution. Basic to de 
Broglie’s view of science, though never 
developed in a critical way, is the idea 
that a truly adequate scientific explana- 
tion must enable the scientist to visua- 
lize or represent the physical processes 
that are actually occurring. The Copen- 
hagen interpretation does not allow this 
in a critical way. " 

Observable particle localization is, as 

de Broglie sees it, the only window 
. through which we can see the micro- 
physieal world. The double solution he 
. developed in the twenties gave such 
' localization a central conceptual role by 
' pieturing the electron as a little clock 
' riding a guide wave in such a way as to 
be in synchrony with its frequency. The 
diffieulties that led to the early demise 
of this view are now countered by in- 
troducing two adaptions derived from 
_ the work of Vigier and Bohm. The par- 
ticle and guiding wave are now pictured 
as a singularity in a space-time tube in 
analogy with models used in general 
_ relativity, while sub-quantum perturba- 
tions are postulated which ean knock 
the singularity from one wave to another 
in a random way. de Broglie is at his 
best in describing the behavior of 
individual particles, in some difficulty 
when attempting to elaborate the rela- 
tionship between actual measurements 
and the mathematies that systematize 
them, and in deep diffieulty when trying 
to explain the behavior of an assembly 
of particles in terms of real physical 
waves rather than configuration space 
wave functions. 

In the past, some enthusiasts have 
projected a maximal interpretation of 
the Copenhagen position using it in a 
quasi-philosophical way as the ultimate 
criterion of knowledge and reality. The 
criticisms of de Broglie and others have 
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certainly helped to deflate this. But, in 
my view, these criticisms do not ser- 
iously affect the minimal Copenhagen 
interpretation that guides the working 
physicist. He simply accepts the fact 
that the type of visualization of the 
microphysical “Ding an sich” de Broglie 
desires can not be developed in a 
critical self-consistent way and consoles 
himself with the fact that the presently 
accepted rules of interpretation yield a 
consistent, though perhaps incomplete, 
method of integrating the data known 
and knowable through an extension of 
present techniques.—Zdward MacKin- 
non 


Pharmacology of Conditioning, Learning, 
& Retention, edited by M. Ya. 
MixgL'soN & V. G. Loneo; 365 
pages; $13; The Macmillan Co., 
Pergamon, 1965. 


This volume, published jointly by 
Pergamon Press and the Czechoslovak 
Medical Press, is the first of a series of 
eleven, reporting the proceedings of the 
Second International Pharmacological 
Meeting, which was held in Prague in 
August 1963 under the auspices of the 
International Union of Physiological 
Sciences (SEPHAR). Since this is 
Volume One of the series, it includes the 
two’ brief opening addresses of the 
meeting by H. Rasková and C. F. 
Schmidt. The general editors of the 
series are H. Rašková and J. Vaněček. 
The book was printed in Czechoslovakia. 

The papers presented here are from 
three half-day sessions, and the book 
is divided into two sections. entitled 
“General Problems and Electrophysio- 
logical Phenomena of Conditioning." 
'The list of authors is truly international 
and is carefully balanced between East- 
ern European and Western sources. 
This means that the work of some 
Eastern workers is presented rather 
more comprehensively and perhaps 
more revealingly than is usually seen in 
the West. Of course, none of the reports 
is very new, since all are now no less 
than two years old, about par for a 
published symposium. However, the 
volume has merit in that it brings to- 
gether under one cover a group of 


summaries of a great diversity of work 
done in a single, but large and hetero- 
geneous field. A drawback is that the 
members of the symposium were all 
pharmacologists and physiologists, so 
that some very interesting work being 
done by experimental psychologists is 
neither directly included nor well rep- 
resented in references. There also are 
several informative approaches and 
techniques which are not represented 
in any of the papers in the volume, 
notably work with nucleic acids or 
inhibition of their synthesis, with 
spreading depression, and with sec- 
tioning of the corpus callosum and com- 
missures. 

'The really outstanding opportunity 
in such meetings is for informal ex- 
changes and discussions of a sort very 
difficult to capture in a formal publica- 
tion. This book then is not unique in 
having rather desiccated transcripts of 
the discussions. 

The principal criticism which might 
be leveled at much of the work reported 
here is the same as that which applies to 
the entire field of psychopharmacology, 
namely that it is too often phenomeno- 
logical, lacking any unifying theories as 
background or even sometimes any 
clearly stated or properly formulated 
hypotheses. This might be defended on 
the grounds of caution, of the avoidance 
of drawing unfounded conclusions from 
insufficient evidence. The trouble is that 
even when theoretical discussions are 
offered, the congruence between them 
and the evidence is often highly doubt- 
ful. Indeed, the very objectives of some 
of the work are so obscure that one 
feels the need of an A. J. Carlson to 
stand up ard ask, “Why did you do 
this?"— Henry B. Murphree 


Fluvial Processes in Geomorphology by 
L. B. LgoPor», et al.; 522 pages; $10; 
W. H. Freeman Co., 1964. 


In conventional geomorphology text- 
books, processes involved in the develop- 
ment of relief are discussed in a cursory 
and purely descriptive way, and most of 
the content is on the description of relief 
forms. In Fluvial Processes, the em- 
phasis is on processes and how they 
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operate to produce relief forms. Quanti- 
tative data are used to draw empirical 
generalizations, which are analyzed, 
where possible, by theoretical ap- 
proaches. The factors involved in the 
development of the earth’s relief are so 
numerous, so complexly related, and so 
difficult to measure that no rigorous and 
systematic treatment of them is now 
possible; nevertheless, progress has 
been made in measuring and evaluating 
them, and a good account of the present 
state of this progress is given in the 
book. The approach used is decidedly 
more stimulating than the conventional 
descriptive treatment, and can be ex- 
pected to continue substantially toward 
the improvement of teaching in geo- 
morphology. On the important and con- 
troversial question as to whether or not 
the evolutionary history of relief can be 
inferred from its present properties, the 
authors have wisely taken the position 
that historical inferences must be made 
with great caution until more is known 
about the operation of present processes. 

In the preface, the authors write that 
the book is primarily on landform de- 
velopment under processes associated 
with running water; and that subjects 
they have not themselves studied in the 
field or laboratory are omitted. Fortu- 
nately, their experience is broad, and 
some important processes not directly 
connected with running water (such as 
weathering and mass movement) are 
adequately treated. Instructors using 
the book as a text for the usual college 
course in geomorphology will probably 
find the two chapters on the river chan- 
nel overly long and rather highly 
specialized. The use of mathematics and 
physical science in the analysis of 
processes is judicious and within the 
grasp of any well-trained student 
majoring in earth science. If the student 
has no background in hydrology, some 
of the graphs (flow duration curves, for 
example) will require additional ex- 
planation. j 

Many of the generalizations in the 
book are based on the relations between 
selected factors or properties, measured 
quantitatively and plotted graphically. 
In a textbook, this methodology should 
be accompanied by a section explaining 
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the procedures and uncertainties. In 
particular,. the student must be taught 
to give most careful attention to the 
classification of the data and the 
adequacy of the sample. 
Geomorphologists owe the authors a 
great debt for synthesizing information 
from many papers and journals; and for 
virtually introducing, first in their 
professional work and now in this book, 
a new and fruitful approach to the 
subject.—James C. Brice 


Nutrition—A Comprehensive Treatise, 
edited by G. H. Beaton & E. W. 
McHenry; Vol. II: Vitamins, Nuiri- 
ent Requirements & Food Selection; 
551 pages; $18.50; Academic Press, 
1964. 


This is the second volume of the 
three-volume series issued by the 
Academic Press on Nutrition. It has 
eight chapters dealing with the various 
aspects of nutrition mentioned above. 
It can be said at once that this is an 
excellent production, and the only 
criticism one can make applies to all 
ireatises of this kind, that there seems 
to have been a lag period of at least two 
years between the time the articles 
were written and that of publication, 
since the latest references that could be 
found were to papers written in 1962. 
Drs. Dan and Søndergaard contribute 
the first chapter on fat-soluble vitamins 
and give a most interesting account of 
vitamins A, D, E and K. Dr. Grace 
Goldsmith gives a very full account of 
thiamine, riboflavin and niacin, histori- 
cal, biochemical, and clinical. Dr. Chow 
deals with the other B vitamins, and 
Dr. Woodruff with ascorbic acid. The 
difficult question of dietary standards is 
discussed by Dr. Gordon Young. He 
compares the standards recommended 
by various authorities in different coun- 
tries, about twelve in all, and discusses 
their philosophy and purpose. Dr. H. H. 
Mitchell contributes a chapter on a 
subject he has been interested in for 
years, nutritional adaptation. This is a 
timely topic, following on the section on 
nutritional requirements, and Dr. 
Mitchell points out at the end how diffi- 
cult it is to arrive at dietary standards 


in view of the body’s well-known ability 
to adapt to different levels of intake. 
Drs. Scrimshaw and Béhar speak with 
long experience on the Causes and Pre- 
vention of Malnutrition, listing the 
causes under Agent Factors, Host 
Factors and Environmental Factors, 
and concluding with a discussion of 
General Preventive Measures. The final 
chapter, by Sir David Cuthbertson, is on 
Food Selection. He describes the, to us, 
extraordinary food habits of various 
peoples, and the food selection practised 
by western people under various condi- 
tions and in various environments. This 
chapter is a valuable summary of in- 
formation not otherwise easily available. 

Your reviewer can wholeheartedly 
recommend this book to those interested 
in nutrition, or whose work is in one of 
these fields. —J. T. Irving 


Atlas 


Photographic Lunar Atlas, edited by 
G. P. KuiPER; 230 unbound sheets of 
photographs plus 23 pages of descrip- 
tion; $30 (out of print); University of 
Chicago Press, 1960. 

First supplement to Photographic Lunar 
Atlas: Orthographic Atlas of the Moon, 
edited by G. P. Kurrrr; 67 pages 
(plates); University of Arizona Press, 
1960. 

Second supplement: Rectified Lunar At- 
las by E. A. WHITAKER, et al.; 146 
pages (30 plates); $35. University of 
Arizona Press, 1963. 


Charts 


Lunar Charis, Kuiper, et al., advisors. 
Published by Aeronautieal Chart and 
Information Center, United States 
Air Force, single charts published as 
completed. U. S. Government Print- 
ing Office, Washington 25, D.C., 50 
cents each. 


This review is an invitation to think 
about the features on the surface of the 
moon. The invitation is extended to 
Scientists who may never have con- 
sidered the moon before, for the subject 
of review is a body of readily usable, 
largely uninterpreted data. 

Here is a consistent collection of raw 
materials from which thoughtful people 
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with varied backgrounds can build 
hypotheses. It is & rare opportunity to 
have aecess to & massive body of data 
whieh have been arranged into forms 
which are usable by nonspecialists. 


These data start with some of the 
best lunar photographs taken with five 
major telescopes. Coordinates and no- 
menelature have been added, and fore- 

*shortening on the moon's spherical 
surface has been removed. This was 
done by projeeting photographs onto a 
large sphere, and rephotographing at 
normal ineidence to the sphere. At least 
three angles of illumination are pre- 
sented in different photographs of each 
field. 


Different illuminations often reveal 
different features in the same field, so 
relief charts have been drawn to eom- 
pile much of what is on the photographs, 
as well as features which have been 
clarified by direct visual observation. 
Heights are shown, as derived from 
measurements of shadows. The amount 
of detail on these charts is & thing to 
behold. 


These data appear in four different 
publications, with common editing or 
eonsulting by G. P. Kuiper and his 
associates. Funds and technical assist- 
ance were provided by agencies of the 


Atlas 
Scale 1:1,370,000 
Nomepclature Difficult to use 
Nomenclature index Difficult to use 
Coordinates None 
Contours and 
heights None 
Visiblity 
Low ridges Good 
Craters Good 
Peaks Excellent; if 
lucky, illum. 
Albedo variations Excellent 
Rectification None 
Whole moon views Excellent 
Usability at visual Excellent 


telescopes 


U.S. Air Force. The table attached to 
this review shows the form and quality 
of data in the different publications. A 
prospective interpreter of the moon 
needs ali of these versions except the 
first supplement. If only one version 
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ean be obtained, it should be the second 
supplement. 

A good way to start thinking is to 
compare one of the lunar relief charts 
with a terrestrial topographie chart on 
the same seale, such as a World Aero- 
nautical Chart. This is particularly 
instructive if one chooses a WAC of a 
region of personal familiarity. Such 
comparison will quickly dampen the 
first flush of enthusiasm over using 
geological analogies, and will make clear 
how bold the lunar features are. Useful 
geological analogies must be accom- 
panied with explanation of this differ- 
ence in size of prominent features on the 
earth and moon. I have found this com- 
parison of terrestrial and lunar charts to 
be highly exciting. ` 

In making hypotheses on the rela- 
tionships between lunar features, it is 
well to remember that a great deal of 
human energy has been expended on this 
activity. The theories which have not 
lasted have often been based on geologi- 
cal thinking. I expect that theories of 
shock hydrodynamics may give much 
insight into the large, photographable 
features on the moon, which are best 
described in morphological terms. Prop- 
erties of clean solids in a vacuum are 
related to the very fine structure, which 
affect the physically measurable prop- 


1st 2nd 
Supplement Supplement Charts 
1:1,370,000 1:3,500,000 1:1,000,000 
Fair Good Excellent 
None None None 
Excellent Awkward Excellent 
None None Good 
Poor Good Excellent 
Poor Good Excellent 
Poor Good Poor 
Poor Good Very poor 
None Good Excellent 
Good Poor None 
Poor Good Poor 


erties of heat conduction, radio emission 
and reflection, and light scattering. 

At this time, the interpretations of 
physical measurements seem to contra- 
dict the interpretations of photographed 
morphology.— David Cudaback 


The Cellular Functions of Membrane 
Transport, edited by J. F. HOFFMAN; 
291 pages; $6.95; Prentice-Hall, Inc., 
1964. 


'This book contains papers presented 
in the 1963 Symposium of the Society 
of General Physiologists at the Marine 
Biological Laboratory, Woods Hole, 
Mass. The contributed papers are 
divided into four sections entitled, 
“General Aspects of Cellular Functions 
of Membrane Transport,” “Role of the 
Membrane in the Regulation of Conduc- 
tion and Contraction,” “Role of the 
Membrane in the Regulation of Meta- 
bolic Processes,” and “Role of the Mem- 
brane in Secretory Phenomena.” The 
contributors to this volume have suc- 
cessfully presented a diversified ap- 
proach to the study of biological trans- 
port by utilizing a wide range of biologi- 
cal material (microorganisms to mam- 
mals and higher plants). The authors 
have discussed their own research as it 
is related to work reported in the litera- 
ture and numerous references are cited 
at the end of each paper. The editor 
should be congratulated for presenting a 
volume which emphasizes how mem- 
brane transport is related to and inte- 
grated with other cellular functions in- 
stead of simply defining and describing 
the occurrence of this phenomenon in 
various cells and tissues. 

This book will be most helpful to the 
more advanced student and research 
investigator. The reader with little or no 
background to the subject matter may 
have some difficulty in following the 
interpretation of data and will un- 
doubtedly benefit by reviewing some of 
the basic principles involved in biologi- 
cal transport before attempting to read 
this book. However, it is the opinion of 
this reviewer that the volume definitely 
contributes to a better understanding of 
the scope and importance of membrane 
transport.—Robert G. Faust 


Wildlife Biology by R. F. DasMANN; 230 
pages; $5.95; John Wiley & Sons, 
1964. 


This is a clear and well-written 
book in which some of the multiplicity 
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of factors affecting vertebrate wildlife 
populations are described. Basic eco- 
logical principles are briefly presented, 
and, in this framework, the aims, prob- 
lems, and method ; of the wildlife mana- 
ger are discussed. A reader unaware of 
` the complex interactions between wild- 
life populations and their environment 
will be enlightened and made to appre- 
ciate the difficult task of controlling 
these populations. Although the book 
is intended as a text for an undergradu- 
ate course in wildlife biology, the lay 
reader will find it interesting and com- 
pletely comprehensible. It is short, 
profusely illustrated, and very readable. 
It is not sufficiently detailed or compre- 
hensive to be considered as supplemental 
reading for a course in basic ecology, 
although an instructor in such a course 
may well find some of the examples and 
literature citations new and useful. 

The book begins with some introduc- 
tory remarks on the importance and 
history of wildlife management. The 
author proceeds to discuss ecosystems, 
biogeochemical cycles, energy flow, food 
chains and webs, ecological succession 
and its effect on wildlife, community 
stability and distribution, ecological 
niche, carrying capacity and some fac- 
tors which affect it, basic characteristics 
of populations, migrations, home ranges, 
and territories. Some of the basic 
methods employed for determining the 
densities, movements, natality, mortal- 
ity, and food habits of populations are 
then mentioned. The dynamics of 
wildlife populations are treated more 
extensively. A good, concise summary 
of present knowledge about population 
cycles is included. 

The mutual benefits of careful man- 
agement to both game populations and 
society are indicated. The author notes, 
for example, that there is an optimum 
density. for populations, above which 
habitat destruction and low population 
productivity or health may result. 
Hunting, which can be effectively 
utilized as a mechanism to control 
population size may therefore satisfy 
the recreational needs of a large number 
of people and at the same time do a 
service to game populations. In the final 
chapter on land use, he warns that the 
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human population in this country is in 
grave danger of soon surpassing its 
optimum density. “If we go on in our 
increase ..., we will be faced with a 
wretched life in the future. If we can 
actually avoid shortages of food and 
other necessities, it will only be by 
submitting to an extreme regimentation 
of our lives and the sacrifice of the 
individual freedom which we now 
have.” —John J. Gilbert 


Mathematical Theory of Probability & 
Statistics by R. von Mises. Edited 
and Complemented by H. GErRINGER; 
694 pages; $22; Academic Press, 1964. 


'This book is one which has been long 
awaited. The lecture notes upon which 
much of the material is based have been 
unavailable generally for some ten 
years. The editor has produced a 
scholarly work which reflects great care 
and patience. Editor and publisher have 
managed to leave very few typographi- 
cal errors. The book, which contains a 
wealth of material, progresses leisurely, 
with illustrative examples being offered 
at each turn. 

The recent re-emergence of interest in 
subjective versus objective probability 
and Bayesian versus non-Bayesian sta- 
tistical philosophy makes timely the 
careful mathematical discussion of von 
Mises’ formulation of probability theory 
and Bayesian limit theorems. There is 
continual contrasting with the more 
common Kolmogorov axiomatization. 

It has been remarked that the von 
Mises theory starts at the most difficult 
point, and it is true that Chapter II 
requires careful thought; but it is also 
true that Cramér in his Mathematical 
Methods of Statistics, which is the most 
obvious book to compare with Mathe- 
matical Theory of Probability and Statis- 
tics, devotes some 75 pages to the 
Kolmogorov axiomatization and theory 
of Lebesgue integration. 

By way of contrast, Cramér has a 
discussion of order statistics as well as a 
proof of Cochran’s theorem on quadratic 
forms. Von Mises does not. On the other 
hand, von Mises has a careful discussion 
of the “moment problem" as well as 
general limit theorems on “statistical 


functions” (functionals of the empiric 
cumulative distribution function). 
Cramér does not. 

This book can be highly recommended 
to those desiring to learn the mathe- 
maties of analytie probability theory 
and statistics. It is unfortunate that the 
publisher felt it necessary to price it so 
high.—Roger S. Pinkham 


The Origin & Evolution of Atmospheres 
& Oceans, edited by P. J. BRANCAZIO 
& A. Q. W. CawzERON; 314 pages; 
$12.50; John Wiley & Sons, 1964. 


‘Few books on planetary atmospheres 
have come out since the volume edited 
by Kuiper in 1952. The present collec- 
tion of papers presented to a conference 
at the Goddard Institute for Space 
Studies therefore has particular interest. 

The theme of the conference is faith- 
fully adhered to, in that most of the 
sixteen papers elaborate on the argu- 
ments assembled by Rubey in 1951 sup- 
porting the motion that the earth’s 
oceans and atmosphere originate in the 
effusions of volcanoes. 

The papers on the terrestrial atmos- 
phere tend to support Rubey’s ideas. 
One of the most interesting is a study by 
Berkner and Marshall of the increase in 
oxygen content over geologic time. 
According to them, photosynthesis by 
primitive plants first raised the oxygen 
content to 1% of its present level, a 
critical value in that it would shield all 
but the top few centimeters of ocean 
from . lethal ultraviolet, thereby per- 
mitting the large-scale growth of oceanic 
life. This epoch is associated with the 
Cambrian era, when life forms began to 
multiply rapidly. As marine photo- 
synthesis raised the oxygen content to 
10% of its present value, even the land 
was protected and land forms emerged. 
The present atmosphere is characterized, 
according to these authors, by an 
oscillation every 109 years between a 
surplus of CO, and of O;. 

Other papers are concerned with the 
Moon, Venus, Mars, Mereury, and the 
major planets. Gold suggests that the 
total water available at the surface of 
Venus is comparable to the amount in 
terrestrial oceans, but is largely in the 
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.form of steam below the cloud layer. He 

further suggests that the Moon may 
have a deep layer of permafrost formed 
by its outgassing of water. 

These suggestions, and the technical 
data needed to evaluate them, make this 
book a valuable one for the space 
scientist interested in planetary ex- 
ploration.— George B. Field 


Iconograph of the Characeae (A Revision 
of the Characeae, Vol. II) by R. D. 
Woop & K. Imanonrt; 812 pages; $35, 
Verlag von J. Cramer, 1964. 


"This book is the first published part of 
the most ambitious recent, monograph 
on any group of algae. The iconograph 
would seem to satisfy the ambitions of 
its authors. It is essentially a set of 
drawings and descriptions of obtainable 
type specimens of all described taxa in 
the Characeae, with a few illustrations 
copied from other works where speci- 
mens are not extant. The drawings are 
at the same time a record of past work, 
a reference for future students, and a 
basis for the authors’ revision of the 
group. With very few exceptions the 
illustrations are clear, uniform, well 
printed, and excellently done. They 
delineate the essential taxonomic fea- 
tures used in the separation of taxa in 
detail and at several magnifications. The 
habit drawings, which are shown natural 
size, “look alive" and illustrations of 
detail have depth and perspective. These 
illustrations of more than 300 described 
“species” of Characeae constitute a 
record of actual type specimens, in case 
some may later be lost. They are used 
effectively in conveying to the reader the 
authors’ evaluation of the described 
taxa and the basis for their combination 
of the several types into one taxa. They 
also indicate differences between taxa 
recognized in the new arrangement. It 
seems that the new nomenclature is 
-quite different, but an index leads one to 
the proper pieture through synonyms. 

The 812 pages include a table of 
contents, introduction, index to icones, 
and index to collectors’ numbers. There 
are 395 icones with data for each and a 
description of each specimen seen by the 
authors. 
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While the actual price of $35 is high, 
it is in line with prices of recent 
scientific books of limited distribu- 
tion.—L. A. Whitford 


Vision & Value Series: Vol. I, Education 
of Vision, 233 pages; Vol. II, Struc- 
ture in Art & in Science, 189 pages; 
Vol. III, The Nature & Art of Motion, 
195 pages, edited by G. Keres; $12.50 
each; George Braziller, 1965. 


Gyorgy Kepes’ volumes present a 
discussion and statement, in terms both 
broad and specific, of this whole matter 
of seeing. Seeing certainly constitutes a 
large part of human experience, how 
large Kepes does not underestimate. 
How we see determines to a great degree 
the quality of that experience, and con- 
ditions us as individuals and as a society. 
What and why we do that which is to be 
seen lies at the roots of the contempla- 
tive and creative process. This inter- 
play between seeing as experience, and 
the development of environment which 
becomes experience, runs the full gamut 
of man’s faculties. 

Kepes has written elsewhere: ‘‘Vision 
is a fundamental factor in human in- 
sight. It is our most important resource 
for shaping our physical, special eñ- 
vironment and grasping the new aspect 
of nature revealed by modern science.” 
In expanding that thesis, Kepes has 
done a superb job in the three volumes 
of this series that have been published. 
Three more are to follow. He has 
marshalled a well chosen group of 
psychologists, sculptors and painters, 
architects, mathematicians and physi- 
cists, engineers and inventors, and edu- 
cators. In an introduction to each 
volume, Kepes summarizes and pulls 
together the varying attitudes of the 
contributors. 

The first volume, on Education for 
Vision, might m a more ponderous 
sequence, have come last. But, by ex- 
ploring education for vision, the writers 
perforce had to expound vision. The 
psychologists lead off with analyses of 
some fundamental characteristics of the 
faculties with which we see. 

Arnheim, a psychologist, valiantly 
attempts to establish visual thinking as 


an operation valid in its own right, and 
not a subsidiary or instrument for other 
means of knowing. Gerald Holton, a 
physicist, discusses vision as an imple- 
ment for understanding the physical 
world. There is a counterplay between 
the more precious aspect of vision as an 
end in itself and vision as a means. An 
important quality of these volumes lies 
in the attack on the problem from so 
many directions. The result, amazingly 
enough, and Kepes is an amazing per- 
son, is not confusion but reinforcement. 

Will Burtin’s paper takes us into the 
thick of commercial propaganda where 
visual means are powerful toward under- 
standing and persuasion. William J. J. 
Gordon’s essay on The Metaphorical 
Way of Knowing leans strongly toward 
vision as means rather than end, which 
happens to be the prejudice of this re- 
viewer which these volumes have rein- 
forced. 

The first volume ends with four papers 
on visual education, ranging from Julian 
Beinart’s description of art education in 
Africa to Bartlett Hayes’ discussion of 
the full circle of art and art education in 
our own country. He says that “whereas 
nineteenth-century art served to remind 
one of what he already knew, the art of 
today is a medium of discovery, the 
most obvious testimony to which is the 
frequent complaint of the public that he 
does not understand.” 

The volume on Structure in Art and 
Science gets down to cases, though in 
some instances not without considerable 
flitting about the core of the matter. 
Buckminster Fuller’s essay, rather auto- 
biographical in nature and properly so, 
is, as always, stimulating and, in this 
instance, beautifully clear. The great 
Pier Luigi Nervi is there, and right at 
the core. While others seem to vibrate 
and squiggle ecstatically, Nervi calmly 
reasons and builds. He does know a law 
when he finds it, gravity for example. 
His two essays titled “Is Architecture 
Moving Toward Unchangeable Forms?” 
and “On the Design Process” are finely 
reasoned and superbly illustrated with 
Nervi’s own work. “The equilibrium and 
harmony that reign over technology, the 
objectivity that one is forced to assume 
in its presence, the modesty that its un- 
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. plumbed mysteries demand of us, con- 
stitute such an elegant lesson that it 
cannot but have profound repercussions 
on all intellectual and moral manifesta- 
tions and even on the life of a societ.” 

The volume on The Nature and Art 
of Motion is particularly apt in a world 
where, so much of the time, one finds 
himself in a state of rapid motion or 
observing rapid motion. Largely de- 
voted to the wordsmanship of painters, 
and critics, it ends with two excellent 
contributions: Gordon Washburn’s es- 
say on museum design and Donald 
Appleyard’s discussion of motion, se- 
quence, and the city. The illustrations, 
throughout this volume particularly, 
are most revealing and helpful toward 
understanding. 

The level of thought and expression 
in these first three of a six volume series 
is indeed high. The bookmaking is a 
delight, with a most satisfactory com- 
bination of text, illustrations, and cap- 
tions. Gyorgy Kepes’ introductions, one 
for each volume, are evidence of his 
own great understanding and of the 
wisdom with which he has put together 
such vital, varying, well-expressed 
contributions to a central problem of the 
arts and hence of our times.—Robert W. 
McLaughlin 


Advances in Protein Chemistry, edited by 
C. B. ANFINSEN, JR., et al.; Vol. 19 
(1964); 408 pages; Vol. 20 (1965); 
369 pages; $14.50 each volume; 
Academic Press. 


Although this series of “Advances” 
implies annual publication, these two 
volumes actually appeared only a few 
months apart. Such delays are un- 
fortunate but is of small moment in 
this ease. The fields covered are suffi- 
ciently divergent that practically simul- 
taneous publication does not impair 
their value. 

Volume 19 contains four articles: 
The Hemoglobins by Braunitzer, Hilse, 
Rudloff, and Hilschmann; Hemoglobin 
and Myoglobin by Fanelli, Antonini, 
and Caputo; Linked Functions and 
Reciprocal Effects in Hemoglobin, a 
Second Look by Wyman; and Thermo- 
dynamic Analysis of Multicomponent 
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Solutions by Casassa and Eisenberg. 
The latter two have more physics than 
chemistry and are tough going for any 
one whose mathematics is rusty. 

The four articles in Volume 20 are: 
Thrombosthenin, the Contractile Pro- 
tein from Blood Platelets and its Rela- 
tion to Other Contractile Proteins by 
Bettex-Galland and Lüscher; Hydrolysis 
of Proteins by Hill; the Unusual Links 
and Cross-Links of Collagen by Hard- 
ing; and The Chemistry of Keratins by 
Crewther, Fraser, Lennox, and Lindley. 

Volume 20 also contains a biographi- 
eal sketch and a well-deserved tribute 
to the late Dr. Kenneth Bailey by Prof. 
S. V. Perry. 

Every chapter in both books is 
followed by an ample bibliography 
covering the literature through 1963. 
Good indices, both author and subject, 
add to their usefulness. They are 
printed in clear type on a sturdy paper 
and the illustrations, line drawings, and 
tables are clear and well reproduced. 
Altogether, these two books present a 
detailed summary of the advances to 
date of protein chemistry in the fields 
covered and are worthy companions to 
their predecessors in the series.—David 
B. Sabine 


Environment & Archeology: An Introduc- 
tion to Pleistocene Geography by K. W. 
Burzer; 524 pages; $12.50; Aldine 
Publishing Company, 1964. 


Rightly pointing out that Pleistocene 
geology is primarily concerned with 
process, stratigraphy, and chronology, 
Butzer has attempted to provide a text 
more broadly introductory to Pleisto- 
cene geography. His attempt is highly 
successful. All students of the Pleisto- 
cene should read it once, and most of us 
will find sections to return to—including 
the 38-page bibliography. The latter 
supports and lends authority to the text, 
but so, too, do Butzer's own extensive 
training and field experience. The pub- 
lishers have provided an attractive 
format relatively free from the distrac- 
tion of minor errors, although the inver- 
sion of Figure 56 is disconcerting. 

After & statement of objectives, and 
although consistent with them, the 


thirty pages on stratigraphy and chro- 
nology are nevertheless too brief. They 
are designed only to set the stage, to 
provide a chronological backdrop. One 
may too easily miss, however, both the 
originality in part of the framework de- 
veloped and the difficult ambiguities in- 
volved in building it. Problems of cor- 
relation continue to hamper regional 
synthesis. They need clear as well as 
sympathetic understanding by inter- 
disciplinary co-workers. 

Nearly half the book reviews types of 
environmental data, field methods of 
study, and inferences which may (or 
may not) be drawn. Vegetation, soils, 
and geomorphology (110 pp.) have 
organizational precedent in geographic 
texts and are well done. Interpretation 
of Pleistocene sediments (85 pp.) and 
paleontology (30 pp.) are newly organ- 
ized and flow less smoothly. They are 
none the less informative and widely 
inclusive. 

A third of the remainder (75 pp.) is 
devoted to reconstruction of late Pleis- 
tocene environments in the Old World 
(Le., mid-latitude Europe to East 
Africa) and points the way to paleo- 
climatic interpretation. One could only 
wish that the data were as complete as 
Butzer’s synthesis is skillful. The final 
section (Man-Land Relationships, 150 
pp.) is certainly the most readable as 
well as original. Here his thesis, that the 
reconstruction of past environments 
must draw on many disciplines and 
points of view if we are to understand 
human development, is eloquently de- 
fended. He may finally say, in due 
modesty, "the relations of man to the 
land in prehistory are, as yet, poorly 
understood" (p. 471). By this time he 
has set guideposts which should both 
attract and provide direction to future 
students.—Charles E. Stearns 


The Biosynthesis of Macromolecules by 
V. M. Ineram; 223 pages; $8 cloth, 
$3.95 paper; W. A. Benjamin, Inc., 
1965. 


While there are several excellent 
textbooks available in general biochem- 
istry, as well as in classical biology and 


genetics, the lack of introductory litera- 
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ture in the rapidly developing field of 
- molecular biology has been noticeable. 
However, last year, a well written “In- 
troduction to Molecular Biology” by 
G. H. Haggis, et al., appeared, and now 
W. A. Benjamin, Inc., introduces a low- 
priced “Biology teaching monograph 
series,” of which Dr. Ingram’s book is 
the first published volume. This latter 
series will also include a book by Dr. 
James D. Watson on “The Molecular 
Biology of the Gene,” and it now seems 
that the urgent need for good reviews on 
a somewhat more elementary level in 
this field will be at least partly satisfied. 

Dr. Ingram’s book is distinguished by 
clarity and an accumulation of a great 
deal of useful facts. While the text pro- 
vides easy reading for a person some- 
what acquainted with the subject, it will 
probably appear rather compact to a 
beginner. This is, however, unavoidable 
as the terminology in general use has 
to be followed. Difficulties are partly 
removed through the presence of a 
glossary at the end of the book with 
short explanations of many of the more 
specialized terms. 

Of the seven chapters, six treat, topics 
which are today generally regarded as in 
the area of molecular biology. The bio- 
synthesis of nucleic acids and proteins, 
constituting the main part of the book, is 
thoroughly reviewed, and the methods 
for sequence analysis of these molecules 
are also discussed. While the structure 
and configurational properties of the 
nueletc acids as such are described, little 
information of a similar type is given 
about proteins. As this subject often is 
handled in a rather old fashioned way in 
conventional biochemistry textbooks, 
an up-to-date description here, com- 
plementary to the author’s lucid treat- 
ment of the nucleic acids, would have 
been useful. 

In one chapter the genetic control of 
protein structure is discussed, but the 
general viewpoint in this work is a 
biochemical rather than a biological or 
a genetical one. The book ends with a 
short chapter on polysaccharides and a 
recommended reading list. The essential 
aspects of the subject are covered in an 
authoritative and convincing manner 
and provide an excellent introduction to 
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this exciting field for students and re- 
search workers in related areas. 

Two confusing printing errors should 
be noted. In figure 3-4 the ionic strength 
for the right curve is written one order 
of magnitude too low, and in the legend 
to figures 7-5, the structure of cellulose 
is stated to have glucose in a-D-(1 — 4) 
linkages, while the figure is drawn in 
the right way with 8-D-(1 — 4) link- 
ages.—Tomas Lindahl 


The Theory & Practice of Scintillation 
Counting by J. B. Brrxs; 662 pages; 
$17.50; The Macmillan Co., Perga- 
mon, 1964. Vol. 27 of International 
Series of Monographs on Electronics 
& Instrumentation. 


For approximately fifteen years, the 
technique of scintillation counting has 
been developing in importance as a 
means of detection and measurement of 
ionizing radiation. J. B. Birks has been 
associated with this development for 
much of this time and on several previ- 
ous occasions has provided useful sum- 
maries for beginners in the field. This 
present book is by far the most ambi- 
tious undertaking to date in describing 
the contemporary state of knowledge 
relating to what is, by now, an exceed- 
ingly important technique in many 
fields, from biophysics to elementary 
particle physics. Unfortunately, any 
book treating such a fast moving subject 
becomes quickly outdated, but Birks 
has supplied a compendium that is 
impressively broad up to January 1963, 
and, in a fina] chapter added in proof, 
has managed to mention some develop- 
ments up to October 1963. The publica- 
tion date is November 1964. 

While one may question the pub- 
lisher's assertion that “anyone who uses 
the scintillation counting method will 
find this book indispensable," there can 
be no doubt of the claim that “the book 
will be of great value to physicists, 
chemists, nuclear technologists, biologi- 
cal and medical scientists and all other 
users of ionizing radiation.” Unfortun- 
ately, the usefulness is impaired by the 
absence of a subject index. The author 
gives his reason for this omission, but 
the use of a detailed contents list and 
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author index still requires a considerable 
familiarity with the field, which the 
beginner can hardly be expected to bring 
to the subject. (For example, the ques- 
tion of linearity of energy response is 
discussed under a heading ‘‘Review of 
Experimental Data.”’) 

The book discusses the subject by 
covering three major areas: 


i. Studies of the scintillation process 
(in both organic and inorganic 
detectors). 

ii. The properties of the scintillation 
counter as an instrument. 

iii. Applications of scintillation count- 
ers. 


In the process, some 1700 references 
are provided, many of which are useful 
in providing an historical description of 
the development of the technique. The 
discussions of the so-called fundamental 
processes make clear that these are still 
describable only in a semiempirical 
fashion and that much remains to be 
done before any fundamental under- 
standing can be claimed. Fortunately, 


in a sense, effective use of this important 
technique does not require such under- 
standing, and any laboratory utilizing 
the method would be well advised to 
provide itself with this product of 
Birk’s careful and extensive labor.— 
G. T. Reynolds 


Electromagnetics in Space, edited by K. 
R. SPANGENBERG; 277 pages; $15; 
McGraw-Hill Co., 1965. 


A selection of topics from antenna 
theory and practice is presented in this 
volume for the use of engineers con- 
cerned with the transmission of informa- 
tion through space. The authors, who 
are members of the Lockheed Missiles 
and Space Company, are well known as 
experts in their field. Their work was 
organized by the late K. R. Spangenberg 
to whom the authors express apprecia- 
tion for the role he played in guiding the 
book to completion. 

Chapter 1, by A. S. Dunbar, reviews 
aspects of electromagnetic theory that 
continually arise in connection with 
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antennas. It contains compact informa- 
tion on reflection coefficients, propaga- 
tion in plasma, polarization, dipole 
radiation and other items, presented in 
an elementary way. 

Chapter 2, by T. H. Lee, establishes 
the equation relating received power to 
transmitted power and the following 
chapter by J. L. Bellamy gives informa- 
tion on the various sources of the noise 
against which the received power has to 
compete. Quantitative reference data 
on noise of extraterrestrial origin are 
given in easily usable form. 

A chapter on spacecraft antennas by 
A. S. Dunbar then gives information 
about the types in use and the factors 
affecting their design. We learn that 
some materials, such as cadmium plate, 
tend to evaporate in space and that some 
dielectrics deteriorate seriously. Micro- 
meteorite puncture and erosion have to 
be taken into account. Ways of unfurling 
antennas from a spacecraft are de- 
scribed together with other mechanical 
considerations. A good deal of knowhow 
has accumulated and one gains the im- 
pression that rather unlikely looking 
mechanisms work perfectly well in 
space and that designing the gadgetry 
could be a lot of fun. 

The remaining half of the book deals 
with the detailed theory of certain 
antenna arrays composed of linear 
elements, with particular emphasis on 
interaction between the elements. This 
work, by E. A. Blasi, manager of in- 
formation technology at Lockheed, 
leads to design procedures for large 
arrays which are explained in full detail. 
An extensive list of references is given, 
as with all the earlier chapters —R. N. 
Bracewell 


Radioisolopic Power Generators by W. R. 
Coruss & D. G. Harvey; 304 pages; 
$14.75; Prentice-Hall, 1964. 


This volume is mostly concerned with 
the odd-numbered SNAP (Systems for 
Auxiliary Power) devices developed by 
the Martin-Marietta Corporation for 
the U.S. government. Whereas the 
even-numbered SNAP’s are powered by 
neutron chain-reacting assemblies, the 
heat sources for the present machines 
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derive from the thermalization of the 
emissions, usually alpha- or beta-rays, of 
unstable isotopes. 

A practical radioisotopie generator 
typically has a power output less than 
100 watts at a fuel cost of two cents 
(Sr®) to $2 (Po*)/watt-hr. Since the 
fuel cost from more conventional 
sources is a few tenths of a cent per 
kilowatt-hour, the application of the 
isotopic devices is limited to missions for 
which reliability is more important than 
investment. Such missions exist above 
the atmosphere, below the'sea, and in 
certain relatively inaccessible locations 
on the earth’s surface such as Antarctica. 

After an introduction that describes 
the various types, performance charac- 
teristics, operational constraints and 
missions of the generators, the authors 
devote whole chapters to (1) fuels, (2) 
safety, (8) energy conversion, and (4) 
design principles. The second half of the 
volume gives detailed descriptions of 
most devices that have been built or 
brought to an advanced stage of de- 
velopment. Frequent historical digres- 
sions delineate contractual arrange- 
ments for the individual projects. 

Although the authors’ preface refers 
to the volume as a textbook, it is, 
rather, a technological treatise. It is also 
a mildly interesting case history of the 
application of the principles of systems 
engineering to a rather tiny corner of 
the technological landscape. It seems to 
the reviewer that by the time the 
radioisotopic generator field is large 
enough to attract a very wide reader- 
ship, it is quite likely that this book will 
be quite dated. A company or an in- 
dividual entering the field now, however, 
has at hand a well-written, attractively 
illustrated, and typographically pleasing 
introduction.—R. C. Aztmann 


Chemical Engineering by P. DER1ENZO; 
243 pages; $7; The Macmillan Co., 
1964. 


According to the author, this book is 
intended to aid the experienced engineer 
in studying for the Professional Engi- 
neering Examination. The book con- 
centrates on those unit operations and 
process applications which have re- 


ceived the most attention on state ex- 
aminations. This specialized treatment 
has one disadvantage. 

If one is given a problem similar to 
the ones treated in the text—fine. It is 
more likely that one will need to apply 
the principles involved, rather than 
these specific problems, and for this 
reason, additional reading must be 
done. 

The six chapters cover fluid flow, heat 
transfer, thermodynamics, drying, distil- 
lation, crystallization, extraction, chem- 
ical processes, equipment and control. 
This is an impressive list, but the treat- 
ment is, in most cases, a superficial one. 
Sample problems are presented to il- 
lustrate the various topics discussed. 

Intelligent use of this book requires 
much supplementary reading. The book 
could be useful in suggesting topics for 
further study and in showing the type of 
problems usually asked on state exami- 
nations.—Francis Eastburn 


Embryology of the Ovary & Testis Homo 
sapiens & Macaca mulatta by G. 
van WAGENEN & M. E. Suvpson; 256 
pages; $7.50; Yale University Press, 
1965. 


Development of human and macaque 
ovaries and macaque testis is traced 
from appearance of the genital ridge to 
the adult gonad. The testis series for the 
human terminates at 10 months post- 
partum. The ninety plates comprising 
the body of this atlas are of good quality 
for showing histological and embryologi- 
cal relationships. Cytological detail, 
however, often is inadequate for posi- 
tive cell identi&ücation. 

The expected close correlation in 


development and adult structure of 
Homo sapiens and Macaca mulatta ` 
gonads is observed. 

Unfortunately, the text consists pri- 
marily of a static description of histology 
and embryology, without adequate inte- ` 
gration of this information into a clear, 
comprehensive and dynamic account of 
the histogenesis of the adult gonad. 
This failure is most evident in reference 
to oocyte formation. The direct lineage 
between the primordial germ cells, which 
are differentiated early in development, 
and all definitive gametes now is proven 
beyond doubt. Yet, the authors of this 
atlas still cling to the idea that at least 
"some" oogonia are derived from the 
germinal epithelium. The critical papers 
on this point are not in the bibliography. 

It will be a shock to many to see the e 
deleted in the spelling of meiosis. Such a 
change in spelling of a long-accepted 
term is most unfortunate, especially 
when “miosis,” as used exclusively in 
this book, already has a precise scientific 
meaning, namely, excessive smallness 
or contraction of the pupil of the eye. 
Further errors in terminology include 
identification of germ cells in the 
embryonic testis as spermatogonia, 
whereas repeated observations have re- 
vealed that cells with the characteristic 
features of spermatogonia appear only 
after birth; and misclassification of 
spermatogenic cells in the adult ma- 
caque testis. 

It is unfortunate that the concise, 
comprehensive presentation of modern 
concepts of histogenesis of the gonads, 
and especially of the germ cells, which 
could have come from this excellent 
collection of embryonic, neo-natal, and 
adult gonads has not been realized.— 
E. F. Oakberg 
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Lorraine M. Kraus, Sec. 
Charles C. Irving, Treas. 


Texas, The A & M College of........ 
College Station, Texas 77843 

G. Krise, Pres. 

C. Vanderzant, V.P. 

E. T. Smerdon, Sec. 

C. H. Samson, Treas. 


Texas Technological College.......... 
Lubbock, Texas 79409 

Mina W. Lamb, Pres. 

Gerald W. "Thomas, V.P. 

Billy Joe Sandlin, Sec. 

Hubêrt R. Heichelheim, Treas. 


Texas, University of................, 
Austin, Texas 78712 

Carl W. Morgan, Pres. 

C. E. Lankford, V.P. 

James C. Thompson, Sec. 

Allen J. Bard, Treas. 


Texas, University of, Medical Branch. 
Galveston, Texas 77551 

Joseph A. Bass, Pres. 

C. Wallace McNutt, V.P. 

John E. Perry, Sec. 

F. Herman Rudenberg, Treas. 


Tufts University.................00- 
Medford, Massachusetts 02155 

Kivie Moldave, Pres. 

Robert S. Schwartz, V.P. 

David R. Weisbrot, Sec. 

Nancy S. Milburn, Treas. 


Tulane University................... 
New Orleans, Louisiana 70118 

Alan G. White, Pres. 

Ralph Rotty, V.P. 

Karlem Riess, Sec.-Treas. 
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39 


23 


104 
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109 


136 


30 


121 


87 


64 


V. Ennis Pilcher, V.P. 
Edward J. Craig, Sec. 
William C. Aubrey, Treas. 


U.S. Naval Postgraduate School...... 
Monterey, California 93940 

Charles L. Taylor, Pres. 

Frank D. Faulkner, V.P. 

John H. Duffin, Sec. 

Willard E. Bleick, Treas. 


Utah State University................ 83 
Logan, Utah 84321 

Sterling Taylor, Pres. 

Keith L. Dixon, V.P. 

Paul R. Fitzgerald, Sec. 

Owen K. Shupe, Treas. 


Utah, University of.............000.. 70 
Salt Lake City, ‘Utah 84102 

George R. Hill, Pres. 

Peter Gibbs, V.P. 

Charles L. Alley, Sec.-Treas. 


Vanderbilt University................ 92 
Nashville, Tennessee 37203 

Charles E. Farrell, Pres. 

John Coniglio, V.P. 

Arnold Heiser, Sec.-Treas. 


Vermont, University of............... 96 
Burlington, Vermont 05401 

Wesley L. Nyborg, Pres. 

Charles F. Bond, V.P. 

Arthur S. Kunin, Sec. 

Stephan M. E. Kellner, Treas. 


Virginia, Medical College of.......... 
Richmond, Virginia 23219 
Holmes T. Knighton, Pres. 
Everett H. Ingersol, V.P 
E. Clifford Nelson, Sec.-Treas. 


Virginia Polytechnic Institute......... 79 
Blacksburg, Virginia 24061 

Paul B. Siegel, Pres. 

Curtis W. Roane, V.P. 

Henry R. Bungay, III, Sec. 

Richard G. Griskey, Treas. 


Virginia, University of............... 41 
Charlottesville, Virginia, 22903 
D. R. H. Gourley, Pres. 
J. N. Dent, V.P. 
T . W. Stewart, Sec. 
D. W. Kupke, Treas. 


Wake Forest College................ 148 
Winston-Salem, North Carolina 27106 
Robert P. Higgins, Pres. 
Robert W. Cowgill, V.P. 
Robert C. Beck, Sec. 
William C. Squires, Treas. 


Washington State University......... 54 
Pullman, Washington 99163 

U.S. Ashworth, Pres. 

I. L. Kosin, V.P 

I. O. Buss, Sec. 

G. G. Marra, Treas. 


Washington University............... 28 
St. Louis, Missouri 63110 

Herman N. Eisen, Pres. 

Carl Friedman, V.P. 

Ira J. Hirsh, Sec.-Treas. 


Washington, University of. ........ 


Seattle, Washington 98105 
A. G. Anderson, Pres. 
W. T. Edmondson, V.P. 
R. O. Sylvester, Sec.-Treas. 


Wayne State University............. 


Detroit, Michigan 48201 
Martin Barr, Pres. 


Melbourne G. Stewart, Jr., V.P. 


Clark L. Corey, Sec. 
Harold T. Slaby, Treas. 


Wellesley College.................. 


Wellesley, Massachusetts 02193 
Jacqueline P. Evans, Pres. 
Delaphine R. Wyckoff, V.P. 
Polly H. Vanek, Sec. 

Emily P. Dudek, Treas. 


Wesleyan University............... 


Middletown, Connecticut 06457 
Robert H. Knapp, Pres. 
Vincent W. Cochrane, V.P. 
John S. McIntosh, Sec.-Treas. 


West Virginia University............ 
Morgantown, West Virginia 26506 _ 


H. V. Fairbanks, Pres. 
Mannon E. Gallegly, V.P. 
Robert D. Fowler, Sec. 
William E. Vehse, Treas. 
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Western Reserve University........ 


Cleveland, Ohio 44106 
Oscar Ratnoff, Pres. 
B. S. Chandrasekhar, V.P. 
Carl Cohen, Sec. 
James Crum, Treas. 


Wisconsin, University of........... 


Madison, Wisconsin 53706 
Lewis M. Cline, Pres. 
James F. Crow, V.P. 
Larry A. Haskin, Sec. 
Robert C. Koeppen, Treas. 


Worcester Polytechnic Institute..... 


Worcester, Massachusetts 01609 
David Todd, Pres. 
Benjamin Wooten, V.P. 
Joseph D. Sage, Sec. 
George Stannard, Treas. 


Wyomirg, University of............ 


Laramie, Wyoming 82071 
John E. Maurer, Pres. 
Conrad J. Kercher, V.P. 
Robert J. Bessey, Sec. 
Walter E. Duncan, Treas. 


Yale University................... 


New Haven, Connecticut 06520 
Patrick J. Mulrow, Pres. 
Ira B. Bernstein, V.P. 


Richard R. Shank, Sec.-Treas. 
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APPENDIX II 


THE SOCIETY OF THE SIGMA XI 
CLUBS AND OFFICERS 
(Including Club Number) 


Abbott Laboratories................. 501 
North Chicago, Illinois 60064 

Paul G. Sanders, Pres. 

Irvin D. Smith, Sec. 

Grant H. Barlow, Treas. 


Adelphi College..................... 543 
Garden City, L.I., New York 11530 

Stanley Wiudwer, Pres. 

Mary Louise Buchanan, Sec. 

Sung Moon, Treas. 


Air Force Institute of Technology..... 618 
Wright-Patterson Air Force Base, 
Ohio 45433 

William L. Lehmann, Pres. 

Matthew Kabrisky, V.P. 

William C. Bahr, Sec. 

Robert L. Hengehold, Treas. 


Akron, University of................. 537 
Akron, Ohio 44304 

William Beyer, Pres. 

Paul Garn, V.P. 

Joe Egar, Sec.-Treas. 


Alaska, University of................ 502 
College, Alaska 99735 

Charles L. Rowett, Pres. 

Horace Drury, Sec.-Treas. 


Albany Sigma Xi Club............... 503 
Albany, New York 12204 

Eugene C. Ogden, Pres. 

H. P. Drobeck, V.P. 

Kenneth Soike, Sec. 

Morris Gordon, Treas. 


Albion College................. sese 598 
Albion, Michigan 49224 

W. Keith Moore, Pres. 

Robert E. Dininny, V.P. 

Bruce Guyselman, Sec.-Treas. 


Alfred University.................-. 548 
Alfred, New York 14802 

George C. Towe, Pres. 

Robert H. Cormack, V.P. 

Philip H. Crayton, Sec. 

C. Everett Rhodes, Treas. 


American University, The............ 633 
Washington, D.C. 20016 

Leo Schubert, Pres. 

Morris S, Petersen, Sec.-Treas. 


Arlington State College.............. 627 
Arlington, Texas 76010 

Thomas R. Hellier, Pres. 

C. L. R. Barker, V.P. 

Charles L. McNulty, Sec.-Treas. 
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Atlanta University Center............ 579 
Atlanta, Georgia 30314 

Roy Hunter, Pres. 

John D. Withers, Sec.-Treas. 


Ball State University................ 602 
Muncie, Indiana 47306 

Charles Smith, Pres. 

Richard Lawrence, V.P. 

John Beekman, Sec. 

Russell Siverly, Treas. 


Bartlesville Sigma Xi Club........... 632 
Bartlesville, Oklahoma 74003 

Clifford N. Holmes, Pres. 

Raymond L. Arnett, V.P. 

Robert S. Silas, Sec. 

Norris K. Smith, Treas. 


Baylor University................... 
Waco, Texas 76703 

Virgil L. Tweedie, Pres. 

Walter T. Huang, V.P 

Leone Cockerell, Sec. 

Jerry Fuller, Treas. 


Beirut, American University of........ 582 
Beirut, Lebanon 

James Cowan, Pres. 

Gaylord Androes, V.P. 

John Olmsted, Sec.-Treas. 


Beloit College..................ssss 505 
Beloit, Wisconsin 53512 

Carl Wekty, Pres. 

Daniel J. Schroeder, Sec.-Treas. 


Bloomington-Normal................ 506 
Bloomington, Illinois 61701 

Bernard L. Ryder, Pres. 
Wendell W. Hess, V.P. 


Dale E. Birkenholz, Sec.-Treas. 


Boston College...................... 583 
Chestnut Hill, Massachusetts 02167 

George Vogel, Pres. 

Joseph A. Sullivan, V.P. 

Francis L. Maynard, Sec. 

Robert L. Coleman, Treas. 


Bowling Green State University....... 507 
Bowling Green, Ohio 43402 

Ralph Townsend, Pres. 

Peggy Hurst, Sec. 

Edgar Singleton, Treas. 


Brandeis University...............L. 609 
Waltham, Massachusetts 02154 

M. Schurin, Pres. 

T. Tuttle, V.P. 

W. T. Murakami, Sec. 

E. Lipworth, Treas. 


Bucknell University................. 


Lewisburg, Pennsylvania 17837 
G. W. Minard, Pres. 
R. C. "Walker, Sec.-Treas. 


Butler University...................- 


Indianapolis, Indísné 40207 
Wiliam H. Bessey, Pre 
H. Marshall Dixon, HL ‘WP. 
R. K. Birdwhistell, Sec. 
Maurice Callender, Treas. 


California State College at Hayward... 


Hayward, California 94542 
Thomas H. Southard, Pres. 
Jon C. Cummings, V.P. 
George H. Peterson, Sec.-'Treas. 


California State College at 


os Angeles...............-0006- 


Los Angeles, California 90032 
Wesley Griesel, Pres. 
Donald Lowrie, V.P. 
Robert Carr, Sec. 

Robert Meade, Treas. 


California State Polytechnic College... 


San Luis Obispo, California 93402 
Frederick W. Bowden, Pres. 
Arthur Z. Rosen, V.P. 

Harold J. Watson, Sec. 
William D. Stansfield, Treas. 


Central Michigan University.......... 


Mount Pleasant, Michigan 48103 
Matthew H. Hohn, Pres. 
Howard A. Potter, V.P. 
Malcolm H. Filson, Sec. 

Arlan L. Edgar, Treas. 


Chico State College. ................ 


Chico, California 95926 
Eugene Mallary, Pres. 
Alan Douglas, V.P. 
Lewis Smith, Sec.-Treas. 


City College... . cc cece cece cece eee 


New York, New York 10031 
William N. Tavolga, Pres. 
Gerald Freilich, V.P. 

Carl Shulman, Sec. 
Silvester Lictta, Treas. 


Claremont Colleges.................. 


Claremont, California 91711 
Corwin Hansch, Pres. 
O. Thomas Law, V.P. 
Freeman C. Bovard, Sec. 
Tad A. Beckman, Treas. 


Clark University................0005 


Worcester, Massachusetts 01606 
Raymond Murphy, Pres. 
John Stubbe, Sec.-Treas. 


Clarkson College of Technology and St. 
Lawrence University............. 


Potsdam, New York 13676 
George L. Jones, Pres. 
William Robinson, V.P. 
Paul E. Merritt, Sec.-Treas. 
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622 


547 


577 


621 


607 


515 


516 


Clemson University................, 


Clemson, South Carolina 29632 
Charles Q. Brown, Pres. 
James E. Halpin, V.P. 

Edwin W. King, Sec. 
Robert W. Henningson, Treas. 


Congress Circle, University of Illinois. 


Navy Pier, Chicago, Illinois 60611 
Edward B. McNeil, Pres. 
Herbert J. Curtis, V.P. 

Harold Klehr, Sec. 
J. Vietor Mansfield, Treas. 


Connecticut College............... 


New London. Connecticut 06320 
Robert L. Rhynne, Pres. 
William Niering, Sec. 

Ernest C. Schlesinger, Treas. 


Corning Glass Works................ 


Corning, New York 14832 
Eugene F. Riebling, Pres. 
Francis P. Fehlner, V.P. 
Normand C. Hebert, Sec.-Treas. 


Creighton University................ 


Omaha, Nebraska 68102 
William E. Dossel, Pres. 
Richard Andrews, V.P. 
John A. Thomas, Sec.-Treas. 


Dartmouth College.................. 


Hanover, New Hampshire 03755 
Sidney Lees, Pres. 
Frederick J. Sanger, V.P. 
Roy Forster, Sec.-Treas. 


Denison University.................. 


Granville, Ohio 43023 
Frank Morgan, Pres. 
Mrs. Charles Cohen. V.P. 
Conrad Ronneberg, Sec.-Treas. 


DePauw University.................. 


DePauw-Wabash Sigma Xi Club 
Greencastle, Indiana 46135 
Paul Kissinger, Pres. . 
L. S. Salter, V.P. (at Wabash) 
Eugene Schwartz, Sec.-Treas. 


Downstate Medical Center........... 


Brooklyn, New York 11203 
Chandler McC. Brooks, Pres. 
Lawrence Herman, V.P. 
Eustace E. Suckling, Sec. 
Arthur Shapiro, Treas. 


Drake University................. s 


Des Moines, Iowa 50311 
Wendel Southard, Pres. 
Lane Wilson, V.P. 
William H. Coppock, Sec. 
Basil Gillam, Treas. 


Drexel Institute of Technology........ 


Philadelphia, Pennsylvania 19104 
Irwin Remson, Pres. 
Hun-Hsuan Sun, V.P. 

Erle B. Ayres, Sec. 
Herman B. Wagner, Treas. 
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East Carolina College................ 512 
Greenville, North Carolina 27835 

Graham J. Davis, Pres. 

Joseph N. LeConte, V.P. 

J. William Byrd, Sec.-Treas. 


East Texas State University.......... 638 
Commerce, Texas 75428 

Daude N. Griffin, Pres. 

Dev R. Chopra, V.P. 

W. Frank Jenkins, Sec. 

W. Farrin Hoover, Treas. 


Florida Presbyterian College......... 551 
St. Petersburg, Florida 33733 
George K. Reid, Pres. 
Gilbert C. Unger, Jr., V.P. 
Paul J. Haigh, Sec. -Treas. 


Franklin & Marshall College......... 
Laneaster, Pennsylvania 17604 

John J. MeDermott, Pres. 

Robert D. Newton, V.P. 

Leonard V. Cherry, Sec. 

Eugene R. Wist, Treas. 


Fresno State College................ 523 
Fresno, California 93726 

Edwin H. Daubs, Pres. 

W. Alan Pieper, V.P. 

Howard Latimer, Sec. 

Bruce Blackerby, Treas. 


Georgetown University School of 
Medicine............Luuuuesss. 
Washington, D.C. 20007 
Walter C. Hess, Pres. 
Malcolm W. Oliphant, V.P. 
Ralph S. Henderson, Sec. 


Richard F. MeCoart, Jr., Treas. 


Hofstra University.................. 597 
Hempstead, New York 11550 

Howard Rosman, Pres. 

Edwin P. Creaser, V.P. 

Herman Glaser, Sec. 

Robert Plutchik, Treas. 


Hollins College... ...... 20... cee ae 613 
Hollins College, Virginia 24020 

Ralph G. Steinhardt, Pres. 

Alice L. Bull, V.P. 

Claude C. Thompson, Sec.-Treas. 


Holy Cross, College of the........... 519 
Worcester, Massachusetts 01610 

Rudolph L. Zlody, Pres. 

Robert W. Ricci, Sec.-Treas 


Houston, University of............... 526 
Houston, Texas 77004 

Clark D. Goodman, Pres. 

L. C. Eichberger, V.P. 

H. G. Osburn, Sec.-Treas. 


Humboldt State College............. 
Arcata, California 95521 

Orval M. Klose, Pres. 

Ernest O. Salo, V.P. 

Frank H. Kilmer, Sec. 

James F. Welsh, Treas. 
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Hunter College................usus. 595 
New York, New York 10068 

Ruth A. Walker, Pres. 

Israel Rose, V.P 

Helen Benjamin, See. 

Eleanor Marr, Treas. 


Idaho State University............... 
Pocatello, Idaho 83201 

Francis G. Jarvis, Pres. 

Allen D. Linder, V.P. 

John V. Bergen, Sec. 

Robert S. Pearson, Treas. 


Indiana University——-Medical Center... 606 
Indianapolis, Indiana 46207 

Joseph Ingraham, Pres. 

Alvin Levine, V.P. 

Lois Perkins, Sec. 

F. W. Hughes, Trens. 


Roscoe B. Jackson Memorial 
Laboratory............0-0 0 0c eee 528 
Bar Harbor, Maine 04609 
Richard Fox, Pres. 
Elizabeth Russell, V.P. 
Lester Bunker, Jr., Sec.-Treas. 


Jacksonville University.............. 610 
Jacksonville, Florida 32211 

Dan A. Thomas, Pres. ` 

Wiliam M. Beck, Jr., V.P. 

George G. Kelley, Sec.-Treas. 


Jeera Medical College of Philadel- 


Philadelphia, Pennsylvania 19107 
Donald B. Doemling, Pres. 
Richard G. Berry, V.P. 
Gonzalo E. Aponte, Sec. 
James O. Brown, Treas. 


Kent State University............... 631 
Kent, Ohio 44240 

Robert F. Sitler, Pres. 

Robert E. Morin, V.P. 

Kenneth L. Warren, Sec. 

Alan K. Graham, Treas. 


Knox College... ose ovx x00 596 
Galesburg, Illinois 61401 

Billy W. Geer. Pres. 

Donald W. Green, Sec.-Treas. 


Lafayette College............ 00.2005 
Easton, Pennsylvania 18042 

Mary Jane Bradford, Pres. 

Robert K. Gould, V.P 

B. Vincent Viscomi, Sec. 

Robert R. Jones, Treas. 


Lamar State College of Technology.... 532 
Beaumont, Texas 77704 

James Cox, Pres. 

O. G. Brown, V.P. 


O. G. Brown, Sec.-Treas. 


Loma Linda University.............. 521 
Loma Linda, California 92354 

U. D. Register, Pres. 

Paul McMillan, V.P. 

Edward Wagner, Sec. 

Leonard Bullas, Treas. 


Long Beach State College............ 
Long Beach, California 90804 

Richard C. Lincoln, Pres. 

Frederick Modern, V.P. 

Donald J. Reish, Sec.-Treas. 


Louisiana State University in 
New Orleans................... 
New Orleans, P drug cus 70122 
Donald G. Davis, Pres. 
Harry Chun-Hoon, V.P. 
Lionel Dureau, Sec.-Treas. 


Lowell Technological Institute........ 
Lowell, Massachusetts 01852 
Sherwood F. Brown, Pres. 
Joseph R. Killelea, V.P. 
Sydney S. Biechler, Sec. 
C. Daniel Cole, Treas. 


Lynchburg Sigma Xi Club............ 
Lynchburg, Virginia 245 

Franklin F. Flint, Pres. 

John Denny, V.P. 

Jack H. Hicks, Sec. 

Chester Markle, Treas. 


Manhattan College.................. 
Riverdale, New York 10471 

Conrad G. Kane, FSC, Pres. 

C. Edward Quinn, FSC, Sec.-Treas. 


Manitoba, University of.............. 
Winnipeg, Canada 
. Murray, Pres. 
. J. Mayer-Oakes, V.P. 
W. K. Roberts, Sec 
K. R. Hughes, Treas. 


Marshall University................. 
Huntington, West Virginia 25701 

E. 8. Ea Pres. 

H. L. Mills, V 

Aloysia M. Gorman, Sec.-Treas. 


Merrimack College.................. 
North Andover, Massachusetts 01845 
Werner N. Grune, Pres. 
Charles O. Ahonen, V.P. 
Stephen A. Leone, Sec.-Treas. 


Miami, University of................ 
Coral Gables, Florida 33146 

S. Fred Singer, Pres. 

J. Walter Beck, V.P. 

Harding B. Owre, Sec. 

Carroll 'Truss, Treas. 


Michigan Technological University.... 
Houghton, Michigan 49331 

Donald Pollock, Pres. 

David H. Kenny, Sec. 

Kenneth J. Kraft, 'Treas. 


Minnesota, University of, 
Duluth Branch.............-..-. 
Duluth, Minnesota 55812 
F. oore, Pres. 
John Green, V.P. 
Paul H. Monson, Sec.-Treas. 
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538 
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Mississippi State University.......... 
State College, Mississippi 39762 

H. W. Bennett, Pres. 

Denzel E. Ferguson, V.P. 

E. Clarence Oden, Sr., Sec. 

Alan C. Bartlett, Treas. 


Mississippi, University of............ 
University, Mississippi 38077 

Joseph Sam, Pres. 

Roy T. Arnold, V.P. 

L. F. Roy, Sec.-Treas. 


Mississippi, University of, 
Medical Branch 
Jackson, Mississippi 39216 
W. F. Hutchison, Pres. 
A. H. Briggs, V.P. 
D. FP. Foshee, Sec. 
Harold B. White, Jr., 


Treas. 


Missouri, University of, at Kansas City 530 


Kansas City, Missouri 64110 
Layton L. McCoy, Pres. 
Henry A. Mitchell, V.P. 
Marathon E. High, Sec.-Treas. 


Mount Holyoke College.............. 
South Hadley, Massachusetts 01075 
Elizabeth M. Boyd, Pres. 
Thomas 8. Szekely, V.P. 
Mildred Allen, Sec. 
Stephen H. Davol, Treas. 


Nevada, University of............... 
Reno, Nevada 89507 

R. O. Gifford, Pres. 

William T. Scott, V.P. 

Frank W. Bowdish, Sec. 

Eugene V. Kosso, Treas. 


New Mexico Highlands University.... 
Las Vegas, New Mexico 87701 

Robert G. Lindeborg, Pres. 

Basil M. Procter, V.P. 

Joseph A. Schufle, Sec.-Treas. 


New York, State University of, at 
Stony Brook 
Stony PE pore Island, s 
New York 11790 
T. F. Irvine, Pres. 
R. W. Merriam, V.P. 
T. D. Goldfarb, Sec. 
B. Silsbee, Treas. 


North Texas State University......... 
Denton, Texas 77701 

James R. Lott, Pres. 

Pat Windham, V.P. 

John Mohat, Sec.-Treas. 


Northeast Louisiana State College.... 
Monroe, Louisiana 71205 

August G. Danti, Pres. 

Dale H. Cronk, V.P. 

B. Earl Prince, Sec. 

James Berry, 'Treas. 


Northern Illinois University.......... 
DeKalb, Illinois 60115 

Herbert Tischler, Pres. 

A. Bond Woodruff, V.P. 

David L. Bushnell, Sec. 

Bruce von Zellen, Treas. 
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Northwestern State College of 
- Louisiana...................... 628 
Natchitoches, Louisiana 71457 

George A. Stokes, Pres. 

Earle A. Cross, V.P. 

Wayne H. Hyde, Sec.-Treas. 


Occidental College.................. 
Los Angeles, California 90041 

John S. Stephens, Jr., Pres. 

Stuart B. Elliott, Sec.-Treas. 


Ohio Wesleyan University............ 
Delaware, Ohio 43015 

Lauren R. Wilson, Pres. 

Bruce R. Roberts, V.P. 

Allan A. Ichida, Sec.-Treas. 


Old Dominion College............... 
Norfolk, Virginia 23508 

Allen K. Clark, Pres. 

Wiley S. Rogers, V.P. 

Paul D. Fullagar, Sec. 

Paul J. Homsher, Treas. 


Philadelphia College of Pharmacy 
and Science..................4. 
Philadelphia, Pennsylvania 19104 
A. Gennaro, Pres. 
A. Der Marderosian, See. 
E. Sugita, Treas. 


Portland State College............... 
Portland, Oregon 97207 

Ronald E. Smith, Pres. 

Erwin F. Lange, V.P 

Bruce W. Brown, Sec. 

N. Bernard Silverman, Treas. 


Pratt Institute................02.0005 
Brooklyn, New York 11205 

J. M. O’Gorman, Pres. 

Marvin Charton, Sec.-Treas. 


Puerto Rico, University of............ 
Mayaguez, Puerto Rico 

Ismael Almodovar, Pres. 

Thomas Maxwell, V.P. 

Luis E. Mora, Sec.-Treas. 


Queens College...............su eee 
Flushing, New York 11367 

Alexander P. Marion, Pres. 

Walter S. Newman, Sec.-Treas. 


Redlands, University of.............. 
Redlands, California 92374 

J. Kenneth Trolan, Pres. 

Floyd Williams, V.P. 

Harold W. Woodrow, Sec.-Treas. 


Rockford College.................... 
Rockford, Illinois 61107 

John Schumaker, Pres. 

Donald Petitjean, V.P. 

Elizabeth F. Suters, Sec. 

L. Jackson Bulliet, Treas. 


Rollins College.............luuuuun. 
Winter Park, Florida 32791 

Richard S. Wolfe, Pres. 

Harold B. Bender, V.P. 

Willard J. Pearce, Sec.-Treas. 
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St. Bonaventure University........... 
St. Bonaventure, New York 14778 
Justin W. Diehl, Pres. 
Seraphin A. Sullivan, OFM, V.P. 
Felix A. Jacques, Sec.-Treas. 


St. John's University................ 
Jamaica, New York 11432 

John J. Sciarra, Pres. 

Edward J. Saccocio, V.P. 

Richard Cover, Sec. 

Daniel M. Lilly, Treas. 


Sam Houston State Teachers College. 


Huntsville, Texas 77341 
Winfred M. Harding, Pres. 
William K. Clark, V.P. 
Inez E. McFall, Sec.-Treas. 


San Diego Sigma Xi Club............ 
U.S. Navy Electronics Laboratories 
San Diego, California 92152 

Lester W. Skolil, Pres. 

Eugene C. LaFond, V.P. 

Paul E. Stewart, Sec.-Treas. 


San Fernando Valley State College.... 
Northridge, California 91326 

Arnold Court, Pres. 

Joseph Moore, V.P. 

Daisy A. Kuhn, Sec.-Treas. 


San Francisco State College.......... 
San Francisco, California 94132 

Burr Burbank, Pres. 

Joe Hall, V.P. 

William Wu, Sec.-Treas. 


San Jose State College.............. 
San Jose, California 95114 

Robert Arnal, Pres. 

John Neptune, V.P. 

Howard Shellhammer, Sec.-Treas. 


Santa Barbara Sigma Xi Club......... 
University of California 
Santa Barbara, California 93105 

Roy W. Hendrick, Pres. 

Robert M. Norris, V.P. 

Bruce F. Rickborn, Sec.-Treas. 


Seton Hall College of Medicine & 
Dentistry. ecranate poseer diac 
Jersey City, New Jersey 07304 
Desmod D. Bonneycastle, Pres. 
Richard Mason, V.P. 
Katherine Lewis, Sec.-Treas. 


Seton Hall University................ 
South Orange, New Jersey 07079 
Robert T. Conley, Pres. 
Ramon S. Grillo, V.P. 
Frank F. Katz, Sec. 
LeRoy I. Braddock, Treas. 


Socony-Mobil Sigma Xi Club......... 
Socony-Mobil Laboratories 
Paulsboro, New Jersey 08066 

Herbert Myers, Pres. 

E. G. Barry, V.P. 

R. T. Edwards, Sec. 

R. H. Schmitt, Treas. 
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South, The University of the......... 
Sewanee, Tennessee 37375 

David B. Camp, Pres. 

Eric Ellis, Sec.-Treas. 


Southern Illinois University.......... 
Carbondale, Illinois 62903 

Maurice Ogur, Pres. 

Florence M. Foote, V.P. 

Ernest A. Kurmes, Sec. 

Joseph P. Vavra, Treas. 


Southern University................. 
Baton Rouge, Louisiana 70813 

Wilbur B. Clarke, Pres. 

Lewis White, V.P. 

Press L. Robinson, Sec. 

George Williams, 'Treas. 


Southwestern Louisiana, University of 
Lafayette, Louisiana 70506 
Edmund B. Stueben, Pres. 
Fred W. Bates, V.P. 
Charles W. Caillouet, Jr., Sec. 
Joseph M. Sobek, Treas. 


Southwestern Medical School. ....... 
Dallas, Texas 75235 

Ruth Guy, Pres. 
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Jere Mitchell, Treas. 


Sonthwoster Michigan Sigma Xi 
UD as. exe dealers ua neoane Es 
Western Michigan University 
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Robert H. Anderson, Sec. 

Walter W. Turner, Treas. 
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Houng-Zung Liu, V.P. 
Francis R. Bethlen, Sec.-Treas. 


Stephen F. Austin State College...... 
Nacogdoches, Texas 75962 

Paul A. Wood, Pres. 

N. T. Samson, V.P. 

Albert R. Machel, Sec.-Treas. 


Tennessee A & I-Fisk-Meharry 
Sigma Xi Club.................. 
Fisk University 
Nashville, Tennessee 37203 
Thomas E. Shockley, Pres. 
I. Wesley Elliott, V.P. 
H. K. Wood, Sec.-Treas. 


Terre Haute Sigma Xi Club.......... 
Terre Haute, Indiana 47809 

Harold K. Hughes, Pres. 

Charles C. Rogers, V.P. 

Rachel Mason, Sec. 

Herbert L. Wehrmeister, Treas. 


Texas Christian University........... 
Forth Worth, Texas 76129 

Neil C. Hulings, Pres. 

Arthur Ehlman, V.P. 

James A. Dyal, Sec.~Treas. 
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Texas Western College.............. 
El Paso, Texas 799 
Robert L. Schumaker, Pres. 
William S. Strain, V.P. 
Harold N. Ballard, Sec.-Treas. 


Texas Woman's University........... 
Denton, Texas 76204 

Alan W. Cockerline, Pres. 

Anne A. Terry, V.P. 

Arthur J. Speece, Sec. 

Ralph Pyke, Treas. 


Toledo, University of................ 
Toledo, Ohio 43606 

Milton Adams, Pres. 

Edward S. Foster, Jr., Sec.-Treas. 


Triple Cities Sigma Xi Club.......... 
Harpur College 
Binghamton, New York 13901 

Bruce McDuffie, Pres. 

Frances M. Wright, Sec.-Treas. 
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Tulsa, University of................. 636 
Tulsa, Oklahoma 74104 

Paul Buck, Pres. 

F. G. Boucher, V.P. 


Roger J. Schoeppel, Sec.-Treas. 


Tuskegee Institute.................. 
Tuskegee Institute, Alabama 36088 
Courtney J. Smith, Pres. 
Katherine Schaeffer, V.P. 
R. W. Brown, Sec. 
Henry A. Collins, Treas. 


U.S. Naval Radiological Defense Lab.. 
San Francisco, California 94124 
William E. Kreger, Pres. 
E. John Ainsworth, V.P. 
Kathleen Kendall, Sec.-Treas. 
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Vassar College................ suse. 
Poughkeepsie, New York 12601 
Bud Etherton, Pres. 
Frances Baker, Sec. . 
Elizabeth King, Treas. 


Villanova University................. 
Villanova, Pennsylvania 19085 

Joseph R. Devane, Pres. 

Robert L. Grob, V.P. 

Clarence J. Casella, Sec. 

Felix M. Beiduk, Treas. 


Wabash College.................... 
(DePauw-Wabash Sigma Xi Club) 
Crawfordsville, Indiana 47933 

Paul Kissinger, Pres. 

(at DePauw University also) 

L. S. Salter, V.P. 

John F. Zimmerman, Sec.-Treas. 


Western Washington Experiment 
Station ie. usc eo eus Dep 
Puyallup, Washington 98371 
Arthur C. Jerstad, Pres. 
Placidus G. Reischman, V.P. 
Richard L. Gabrielson, Sec. 
Gordon E. Bearse, Treas. 
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Whitman College—Walla Walla 
College... 2... cee eee eae 
Walla Walla, Washington 99362 
` John Stout, Pres. 
James G. Pengra, V.P. 
Robert Brown, Sec.-Treas. 


Wichita State University............. 
Wichita, Kansas 67208 

Anneke S. Allen, Pres. 

Paul Tasch, See. 

Ernest J. Bubieniec, Treas. 


Wisconsin State University........... 
Oshkosh, Wisconsin 54902 
Mohammed A. Rouf, Pres. 
Richard G. Netzel, Sec.-Treas. 
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Wittenberg University............... 
Springfield, Ohio 45501 

Elizabeth Powelson, Pres. 

Paul Glasoe, V.P. 

George Dudycha, Sec. 

Arthur L. Lutz, Treas. 


Wooster, Ohio Sigma Xi Club........ 
'The College of Wooster and 
The Ohio Agricultural Experimental 
Station 
Wooster, Ohio 44691 

Curt Leben, Pres. 

John Warner, V.P. 

Joseph B. Polivka, Sec. 

R. Bruce Curry, Treas. 


solid state picoammeters 


HIGH SPEED 
Models 417/416 


provide a ten-fold increase in speed 
of response over other instruments. 
Speed is maintained by the unique 
plug-in design which allows the 
amplifier input to be lócated up to 
100 feet from the instrument chas- 
sis. Rise times may be adjusted 
with a front panel damping control. 
Both models are identical except 
the 417 provides calibrated current 
suppression from 104 to 10 am- 
pere. Applications include use in 
mass spectrometry, vacuum studies 
and plasma physics studies. 


* Ranges: 10" to 3 x 10-5 ampere fs 

e Accuracy: +2% fs to 10° ampere; 
+3% beyond 

e Zero Drift; less than 1% per 8 hours, 
with one volt source 

* Output: +3 volts for fs meter de- 
flection 

è Rise Time: 30 milliseconds on Ce EI 
ampere range at critical damping 

Model 417 High Speed 
Picoammeter 

Model 416 High Speed 
Picoammeter 


LOW ZERO DRIFT 
Model 409 


allows long term measurements of 
currents as low as 107? ampere. 
Circuitry is completely solid state, 
except for electrometer tube input, 
assuring reliability and low power 
consumption. Zero check switch 
permits zeroing the meter without 
disturbing the circuit. Applications 
include use with photocells, photo- 
multipliers, and ion chambers. With 
the Mode! 4103 Electronic Trip, the 
409 is excellent for nuclear reactor 
control. 


è Ranges: 3 x 10-" to 10-3 ampere fs 

+ Accuracy: +2% fs to 10° sala 
+3% beyond 

Zero Drift: less than 1% per 24 hours, 
with one voit source 

e Output: +3 volts for fs meter de- 
flection 

è Rise Time: 1.5 seconds on 10-1? åm- 
pere range 

Model 409 Low Zero Drift 
Picoammeter . 

Model 4103 Electronic Trip 
(installed) 


Send for Engineering Notes on New Picoammeters 


OTHER KEITHLEY PICOAMMETERS 


Model 410—high sensitivity, 20 linear ranges . 

Model 411—exceptional stability, 17 linear ranges. . .. . . . . 
Model 412—1log n amplifier, 6 decade span 

Model 413A—\og n amplifier, 8 decade span M 

Model 414—high performance over 17 linear ranges 

Models | 420A/421—log n period amplifiers 


KEITHLEY 
INSTRUMENTS 


12415 Euclid Avenue + Cleveland 6,Ohio - 
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TRW SYSTEMS Fellowships, formerly TRW Space Technology Laboratories (STL), have 
been established to assist scientists and engineers who have the very special qualifications 
required for work in advanced space technology. Recipients of these Fellowships will have 
an opportunity to pursue a broad course of graduate study in the fundamental mathematics, 
physics, and engineering required for careers in these fields, and will also have an oppor- 
tunity to associate and work with experienced engineers and scientists. 


The program for each Fellow may cover approximately a twelve-month period, part of ' 
which may be spent at TRW Systems, and the remainder at the California Institute. of ' 
Technology or the Massachusetts Institute of Technology working toward the Doctor's; 
degree, or on postdoctoral study. Fellows in good standing may apply for renewal of: the > 
Fellowship for a second year. De € 
ELIGIBILITY The general requirements for eligibility are that the candidate be a, United 
States citizen who has completed one or more years of graduate study in mathematics! engi-, 
neering, or science before July, 1966. The Fellowships will also be open to persons'who have 
already received a Doctor's degree and who wish to undertake an additional year of study. 


AWARDS The awards for each Fellowship granted will consist of three portions. The first 
will be a stipend disbursed through the Institute attended of not less than $2,000, with 
upward adjustment for candidates with family responsibilities. The second portion will be 
the salary paid to the Fellow for summer and part-time work ac TRW Systems. The salary 
will depend upon his age and experience and the amount of time worked, but will normally 
be approximately $2,000. The third portion will be a grant to the school to cover tuition 
and research expenses. 


APPLICATION PROCEDURE For a descriptive booklet and application forms, write to 
Administrator, Fellowship Program, TRW Systems. Completed applications together with 
reference forms and a transcript of undergraduate and graduate courses and grades must 
be received not later than January 19, 1966. 
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Why Tally readers and punches 
talk easy...and long 


You can talk to Tally punched tape readers 
and perforators with less input and output 
logic than any other equipment on the mar- 
ket. You can talk to Tally equipment faster. 
With only one command, your Tally reader 
will read and advance; your Tally perforator, 
punch and advance. You can read or punch 
5, 6, 7, or 8 channels without modification. 
Oil mist lubrication provides whisper quiet 
operation. Their engineered simplicity means 
long term reliability. 

Tally perforators operate asynchronously at 
any rate up to 150 characters per second. 
Their unique wire clutch drive lets you vary 
speed for slaving to other equipment, sim- 
plifying design of logical systems. Prices for 
perforators start at $1,100. 


Tally readers feature a reading rate of up to 
120 characters per second in either direction, 
instantly reversible for rapid search and select. 
They have triggered tape feed readout with 
the rate controlled by external equipment. 
Full accountability is furnished by the Form 
C switch which provides positive hole/space 
sensing. Reader prices begin at $325. 


For more information please address Tally Corpora- 
tion, 1310 Mercer Street, Seattle, Washington 98109. 
Phone: (206) MA 4-0760. TWX: (910) 444-2039. In the 
U.K. and Europe, address Tally Europe Ltd., Radnor 
House, 1272 London Road, London S.W. 16, England. 
Phone: POLlards 9199. 


TALLY' 


See us at the FJCC Booths, 500-501 
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IN LOW COST COMPACT POWER SUPPLIES 


 KEPCO 10-TURN CONTROL 


MAKES THE DIFFERENCE! 
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7 MANSISTORIZED, Ciné : YeRID | CIRCUIT. 


LER dead a rac iier PT 
Kc asadar e nein 


FOR HIGH RESOLUTION AND STABILITY 


0.05% REGULATION and AN 


ALL-TRANSISTOR MODELS 


DC OUTPUT PRICE 
VOLTS AMPS (metered) 
[ $125.00 1 


ABC DESIGN GROUP FEATURES: 


x Resolution: 0.05% of max. output » Short circuit protection 
Stability: 0.05% (8 hours) a High voltage hybrids 





































u Kepco Bridge Regulator? x Metered and unmetered models LABC2-:M | 0-2. | : 
m Full range regulation n Half rack size ABC 7.5—2M EUNTES 
m Voltage or current programmable * Rack mounting accessories prec aca or Lar 
a 50 microsecond recovery time x Rear panel apron connections Pane te-osm | 0-18 [o-os | 12590 | 
m Low ripple = Convection cooled (no blowers) -ABc a0-03M_| 0-30__[o—03| 126.00 | 
Remotely programmable a Operable from 50-440 cycle lines L'Agc4o-osM | 9-40 [0-05 | 16129. 
w Remote error sensing = Isolated cabinet (500 /1000V) Fase io-o2w| 9-100 [0-02 | 188.00 | 
w Series or parallel operation x Wide range voltage and current HYBRID MODELS 
a No voltage overshoot (from 2V/1A to 2500V/2ma) Fux Hm qas | mori 
® Adjustable current limiting w Experience proved ABC | ABC42BM — | 





ABC 1000M 0—1000 | 0—0.02 295.00 
Applicable Patent Nos. furnished on request ABC 1500M 0—1500 T a 295.00 


-aac 00m 0-2500 [0-0.002 | 







See our complete Catalog in 


131-38 SANFORD AVENUE * FLUSHING, N.Y. 11352 e Phone: (212) 461-7000 * TWX 212-539-6623 ° Cable: KEPCOPOWER NEWYORK. 
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ere ee LITE e ES For complete specifications on more than 
280 standard model power supplies, 
pee send for NEW CATALOG. 


en hall 


in nuclear instrumentation: 
Hewlett-Packard ‘built-ins’ 


Low- 
voltage 


Scaling 
and/or 
timing 

circuitry 


Discriminator 
or single- 
channel 
analyzer 


BCD to 
auxiliary 
equipment 


Amplifier 
and pulse 
shaper 


Scintillation Detector 
hp 10601A $835 
hp 10602A $1475 
hp 10611A $885 
hp 10612A $1565 
hp 10613A $885 


Hi-voltage 
hp 10614A $1565 


supply 


hp 5551A $350 


Over fourteen years' experience in electronic counters 
is utilized for these new Hewlett-Packard nuclear instru- 
ments. Field-proven design and packaging concepts give 
increased reliability, versatility and stability for detect- 
ing, counting, displaying and recording nuclear events. 
These instruments are backed by extensive hp world- 
wide sales and service facilities, 

The hp packaging format-—modular cabinets for indi- 
vidual or rack-mount applications—-simplifies use with 
other instruments for complex systems. Further, versa- 
tility is iacreased by packaging the scintillation detector 
and amplifier in one unit, complete scaler-timer in a 
second and a high-voltage power supply in a third. 


Hewlett-Packard scintillation detec- 
tors use premium selected Nal (TI) 
crystals and photomultiplier tubes as 
integral assemblies and provide suffi- 
cient built-in gain and pulse shaping 
capability for driving a single-channel 
analyzer. 


For maximum versatility in value- 
priced nuclear instrumentation, call 
your hp field engineer or write for full 
specifications to Hewlett-Packard, 
Palo Alto, California 94304, Tel. (415) 
326-7000; Europe: 54 Route des 
Acacías, Geneva; Canada: 8270 May- 
rand St., Montreal. 


HEWLETT | 
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hp 5201L Pulse Height Analyzer/Scaler-Timer $1950 
hp 5202L Scaler-Timer $1400 
hp 5203L Scaler $950 


Data subject to change without notice, Prices f.o.b. factory. 


Three scaler models offer broad flexibility. The 5201L 
includes a scaler-timer with a pulse height analyzer 
(ideal for differential gamma ray analysis). The 52021. 
includes a scaler-timer with an integral discriminator 
for gross counting. Both will totalize counts, count for 
a preset time or register time for a preset count. The 
5203L is a scaler without timer that may be manually 
operated, externally gated or slaved to a 5201L or 
5202L. All instruments have a multiple pulse resolution 
of 200 nsec and provide BCD output for driving hp 
digital recorders or other devices. 





The 5551A is a stable, highly regulated supply offer- 
ing an output of 170 to 1615 volts. This equipment can 
be combined with auxiliary instrumentation from the 
Moseley and Dymec Divisions of Hewlett-Packard to pro- 
vide scanning spectrometer and gross counting systems, 
plus automatic recording. 


PACKARD 


An extra measure of quality 
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GERALD S. Hawkins, Sun, Moon, Men, and Stones 391 


A British-born American citizen, educated at Nottingham, London, and Manchester 
Universities, he studied meteors by radar under Sir Bernard Lovell at Jodrell Bank 
Radio Observatory. He is now Professor of Astronomy and Director of the Observatory 
at Boston University, an Astronomer at the Smithsonian Astrophysical Observatory, and 
Research Associate at Harvard College Observatory. He has conducted further researches 
on meteors with Super-Schmidt cameras and with a 10 megawatt radar at the Harvard- 
Smithsonian Observatories. The present article records his recent studies of prehistoric 
structures in Britain. The alignments found with celestial objects, typically at Stone- 
henge, have aroused great interest in what may be termed astro-archeology. Address: 
Department of Physics-Astronomy, Boston University, 700 Commonwealth Avenue, 
Boston, Mass. 02115. 


WinLiAM N. DEMBER, The New Look in Motivation 409 


In this article, which is based on a lecture given by the author on the occasion of his 
receipt of the fourth annual Distinguished Scientist Award, presented by the University 
of Cincinnati, Chapter of Sigma Xi, Dr. Dember describes one version of a newly emerg- 
ing view of motivation. The ‘‘new look” illustrated here by reference to experiments with 
both rats and college students, stresses the role of information-processing in the arousal 
and direction of behavior, in contrast to the older view which ties motivation cldsely to 
the biological drives. The ideas presented are the product of collaboration between the 
author and Dr. Robert W. Ear], begun while both were graduate students at the Univer- 
sity of Michigan. Dr. Dember has, since receiving his doctorate, taught at Michigan, 
Yale, Indiana, and at the University of Cincinnati, where he is Professor of Psychology 
and Assistant Dean of the Graduate School (Cincinnati, Ohio 45221). He is the author of 
two textbooks, The Psychology of Perception and Visual Perception: The Nineteenth 
Century. 


Joun R. Drxon and ALDEN H. EMERY, JR., 
Semantics, Operationalism, and the Molecular- 
Statistical Model in Thermodynamics 428 


An Associate Professor of Engineering at Swarthmore College, Swarthmore, Pa. (J. R. D.) 
collaborates with a Professor of Chemical Engineering at Purdue University, Lafayette, 
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Ind. (A. H. E., Jr.) to record their experimentation in approaches to the teaching of ther- 
modynamics in their respective classrooms. This collaboration has on many occasions 
been extended to the analysis of abstract subject matter and its relation to student 
knowledge, and to studies of university teaching in its influence on student initiative, 
creativity, and the forming of student opinion. Dr. Dixon received the Ph.D. degree in 
Mechanical Engineering at Carnegie Institute of Technology in 1960 and has taught 
at M.I.T., Carnegie Tech., Purdue, and Swarthmore. Dr. Emery graduated B.S. at 
Penn State, M.S. at M.I.T., and Ph.D. at the University of Illinois. After industrial 
experience he has taught chemical engineering for ten years at Purdue University. 


Ernest C. PoLLARD, The Fine Structure of the Bacterial 
Cell and the Possibility of Its Artificial Synthesis 437 


Born in Yunnan Province, China, 1906, educated at Cambridge University, taking a 
Ph.D. degree in Nuclear Physics, Dr. Pollard conducted research in nuclear physics at 
Leeds University and at Yale University until 1940. For five years he worked at M.I.T. 
Radiation Laboratory on Micro-Wave and Radar. Returning to Yale in 1945, he decided 
to move slowly into biophysics, initiating a research group there in 1949 and finally 
establishing a department of biophysics in 1955. The original research program dealt 
with the effect of radiation and heat on enzymes and viruses. By 1960 the emphasis 
had changed to the study of structure of bacterial cells. In 1961 Dr. Pollard transferred 
to The Pennsylvania State University where the Department of Biophysics was estab- 
lished two years later. This Sigma Xi-RESA National Lecture reflects his continuing 
interest in the presentation of science lectures to non-science students in Pennsylvania 
State University. The diagrams reproduced were prepared by Dr. Pollard as freehand 
drawings from which the lantern slides used in the lecture were made. 


C. G. Hieains, Causes of Relative Sea-Level Changes 464 


An Associate Professor of Geology in the Department of Geology in the University of 
California, Davis, took his B.S. and M.S. degrees in Chicago and his Ph.D. in 1950 at 
Berkeley. His earlier research concerned process geomorphology and historical geomor- 
phology. In 1962-63, he spent thirteen months on an ONR research contract studying 
coastal geology and shore features and processes in Greece. On a sabbatical leave for 
1965-66, he is returning to the eastern Mediterranean to continue his coastal studies. 
This review was originally prepared for presentation at the 2nd International Conference 
on Underwater Archaeology held in Toronto in the spring of 1965. The author’s best- 
known early work, published in the Bulletin of the Geological Society of America, was 
concerned with the San Andreas fault north of San Francisco. 


Tuomas H. Juxzs, The Genetic Code, II 477 


The Professor in Residence in the Division of Medical Physics and Research Biochemist 
in the Space Sciences Laboratory at the University of California, Berkeley, Dr. Jukes 
continues his story of “The Genetic Code" published by AwznicAN ScrgNTIST in June 
1963, p. 227. The new knowledge of the code has been made possible by a concerted 
biochemical attack in many laboratories on this central problem of the science of genetics. 


Jouw TYLER Bonner, Size and Cycle—An 
. Essay on the Structure of Biology 488 


With the permission of the author and of Princeton University Press, we present in this 
article the introductory chapter from “Size and Cycle" published in September 1965. 
The author is the Chairman of the Department of Biology, Princeton University and 
an Associate Editor of AMERICAN Screntist. Recent books by the same writer include 
Ideas of Biology (1962) and Cellular Slime Molds (1959). 


C. R. WESTON, A Strategy for Mars 495 


A graduate of the University of California, Santa Barbara, his Ph.D. thesis at Princeton 
University dealt with the topic of morphogenesis of microorganisms. At the University 
of Rochester since 1962, he is working on more general problems of microbiology related 
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IMPORTANT OPENINGS | 
FOR ENGINEERS AND SCIENTISTS 
ON AMERICA'S MAJOR SPACE PROGRAMS 


On July 1, 1965, TRW Space Technology Laboratories — STL — became TRW Systems. This new 
name more accurately reflects the expanding nature of our business. Previously, all our work in- 
volved the science and technology of missilry and space. But today our business also includes anti- 
submarine warfare, scientific instrumentation, the application of systems engineering and manage- 
ment concepts to non-defense programs, and the manufacture of components and sub-systems. 


These major programs... 


LEM inertial guidance system 
LEM descent engine 

Gemini and Apollo mission analysis 
OGO satellites 

Advanced ballistic missile studies 
Underwater defense systems 
Pioneer interplanetary spacecraft 
Communications Satellites 
Advanced space probes 

Vela nuclear detection satellites 
Mars mission studies 


create vital openings in... 


Inertial Guidance and Control Systems 
Mission, Trajectory and Guidance Analysis 
Semiconductor Applications 

Radar and Sonar Systems 
Communications and Telemetry 
Experimental Mechanics 

Dynamics and Structures Analysis 
Aerophysics 

Re-entry Systems 

Spacecraft Heat Transfer 

Space Propulsion Systems 
Microelectronics 

Systems Research, Development and Analysis 


For TRW openings, write TRW Professional Placement, 
One Space Park, Dept. AS-12 , Redondo Beach, California, 
TRW is an equal opportunity employer. 


TRW systems 


ONE SPACE PARK, REDONDO BEACH, CALIFORNIA 
Formerly TRW Space Technology Laboratories - STL 
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to the task of designing life detection experiments for Mars—in particular the so-called 
“Wolf Trap” named for its poeponent, Professor Wolf Vishniac. His current activities 
still include some developmental biology, but are primarily related to his interest in the 
origin of life and the detection of Martian microorganisms. Address: Department of 
Biology, University of Rochester, River Campus Station, Rochester, N. Y. 14627. 


Irvin Guassman, The Chemistry of Propellants 508 


A B.S, in Chemical Engineering at Johns Hopkins University, Dr. Glassman carried out 
three years of war service as a civilian army assignee to the Manhattan Project at 
Columbia University. He returned to Johns Hopkins to complete his doctorate in 1950. 
Since then he has been associated with the School of Engineering in Princeton University 
where he is now Professor of Chemical Engineering. Originally an A.C.S. Lecture, it has 
been updated to review recent developments. Address: Department of Aerospace and 
Mechanical Sciences, Princeton University, Princeton, N. J. 08540. 


M. H. GREENBLATT, “The Legal" Value 
of « and Some Related’ Mathematical Anomalies 427A 


A graduate of the University of Pennsylvania and a Ph.D. in physics from the same 
institution, the author of this article has worked on the experimental aspects of secondary 
electron emission at the R.C.A. Laboratories in Princeton. The article is partly the 
result of research carried out in preparation of his recent book “Mathematical Enter- 
tainments.’’ His present researches at R.C.A. in Princeton are primarily concerned with 
the guidance of space vehicles. 
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The PAR Model PPMS-1 is a self-contained system 
consisting of the basic components required for mak- 
ng one part per million measurements of external 
'esistance ratios or external DC voltages extending to 
1000 volts. The system, with accuracy traceable to 
\.B.S., consists basically of a 10 volt. DC source 
whose saturated standard cell reference is housed in 
i proportional temperature controlled ovén (main- 
ained within 0.001?C), a self-calibrating 7. decade 
«elvin-Varley divider -and a null indicator having a 
»asic full scale sensitivity of +1 microvolt. 


An output signal fully isolated from, but proportional 


Write for bulletin No. 121 or ask for information about 
PAR's complete line of precision reference sources. 





to the deflection of the null meter is provided to drive 
strip-chart recorders and thereby function as a self- 
contained monitor of the stability of other voltage 
supplies. In addition, this unit can serve as the con- 
trolling element in ultra-stable variable voltage or cur- 
rent supplies with the addition of power amplifiers 
which are available as accessory items. 


A unique method of self-calibrating the four most 
significant decades of the Kelvin-Varley divider with- 
out additional equipment as well as means of veri- 
fying oven temperature and standard cell voltage are 
provided. Price $4950. 








PRINCETON 

APPLIED RESEARCH CORP. 
Dept. C 

Box 565, Princeton, N. J. Tel. (609) 
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799-1222 


ARTHUR KEMBLE PARPART 


1903-1965 


The Board of Editors records 
with sorrow the death of Professor 
Arthur K. Parpart, on September 
17, 1965. He had a heart attack at 
his summer home in Woods Hole, 
Massachusetts. A member of the 
Princeton University Faculty 
since 1931, he became Chairman 
of the Biology Department in 
1948 and, in 1952, the first holder 
of the George M. Moffett Pro- 
fessorship in Biology. He was also 
President of the Marine Biological 
Laboratory, Woods Hole, where 
he and his family spent their va- 
cations. In recent years, Professor 
Parpart has been responsible for securing major additional facilities 
for biological research in the two institutions. His own researches 
included pioneering studies of the role of surface membranes in the 
life cycle. 

The Society of the Sigma Xi records with grateful thanks his serv- 
ices as Associate Editor of AMERICAN SCIENTIST over a ten-year 
period from the Spring issue of 1955. He brought to this task his 
rich background of knowledge in biology, editorial skills in special- 
jzed journals, and experience in the general field of scientific 
research and development in local and national areas. His family 
assisted him in the work of AMpRICAN SCIENTIST in well-qualified 
secretarial and proofreading activities over a number of years. 

By resolution of the Executive Committee of the Society of the 
Sigma Xi at their meeting on October 6, 1965, the Editor-in-Chief 
was instructed to prepare this memorial of appreciation and re- 
membrance of Arthur K. Parpart, to provide copies for his widow 
and family, and to record the text in the December 1965 issue of 
AMERICAN SCIENTIST. 
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Two hundred million dollar sales in 1954... overa 

N ew Ph billion today! Much of our spectacular growth stems 

a * directly from intensive research and development. 

iat Ree =a We're trend-setters in tires, industrial rubber 

opportunities in products, PVC, foam and rigid polyurethanes 
and polyester reinforced fiber glass. 


General Tire And, we need men like you to do doctorate 


level, independent basic and applied research. 


Ra D I Here's your chance to put your theories to con- 
x Structive practice! . 











We invite inquiries from Ph. D.'s in: 


* Polymer Chemistry * Organic Chemistry 

* Polymer Physics * Materials Engineering 
* Physical-Organic Chemistry « Engineering Physics 
* Physical Chemistry * Applied Mechanics 


* Materials Science 
NO POLYMER TRAINING REQUIRED! 


For assignments in these areas: 


Polymers for novel tire construction * Properties of re- 
inforced plastic structures - Chemical applications and 
properties of foam plastics - Development of synthetic 
breathable materials - Relationship of polymer proper- 
ties and structures - Latex technology: Organic coat- 
ings Thermoplastic resin technology * Improved poly~ 
mers for dynamic applications. 


You'll work in a modern, air-conditioned laboratory in 
a pleasant suburban area. You'll associate with author- 
ities and thought leaders in polymer science and appli- 
cation. Living conditions are excellent...fine schools, 
universities ... manifold cultural opportunities in Akron 
and in Cleveland, less than one hour away. Plus, ex- 
cellent salary administration and comprehensive bene- 
fit programs geared to meet security requirements for 
you and your family. 


Strike a responsive chord? we'd like to hear from you. 


Piease writeto our Personnel Recruiting-Coordinator: 
Mr. A. L. Richards 


GENERAL The General Tire & Rubber Company 
1708 Englewood Avenue 
Akron, Ohio 44309 


The General Tire & Rubber Company, Akron, Ohio 
TOP QUALITY FOR 50 YEARS AN EQUAL OPPORTUNITY EMPLOYER 
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NEWS AND VIEWS 


By the Board of Editors and the Membership of the 
Sociely of the Sigma Xi and the 
Scientific Research Sociely of America, RESA 








-ANNUAL CONVENTION OF THE SOCIETY OF THE SIGMA XI 


In accordance with Article ITI, Sec- 
tion 1 of tbe Constitution notice is 
hereby given that the 66th Annual 
Convention of The Society of the Sigma 
Xi will be held on December 29, 1965, 
at 9:00 a.m., in association with the 
AAAS meetings at the Hotel Clare- 
mont, Berkeley, California. 

Article III, Section 2(a) of the Con- 
stitution provides: Each Sigma Xi 
chapter is entitled to be represented at 
the Convention by not more than three 
delegates. Appointment of each chapter 
delegate shall be certified by the presi- 
dent or secretary of the chapter repre- 
sented. Delegates representing a chap- 
ter shall be chosen from its Chapter 
Members, except that a chapter unable 
to appoint any or all of its delegates 
from its Chapter Members may appoint 
its Affiliate Members or from Chapter 
Members of other chapters. Each chap- 
ter represented at the Convention shall 
be entitled to one vote on all issues 
before the Convention. 

Article IIT, Section 2(b) of the Con- 
stitution provides: Each Sigma Xi club 
is entitled to be represented at the 
Convention by not more than three 
delegates. Appointments of each club 
delegate shall be certified by the presi- 
dent or secretary of the club represented. 
Delegates representing a club shall be 
chosen from its Members except that a 
club unable to appoint any or all of its 
delegates from its Members may ap- 
point as delegate any active Member of 
the Society. Each club represented at 
the Convention shall be entitled to one 
vote on issues directly affecting the 
clubs. All club delegates shall have the 
privilege of the floor to discuss any 
subject before the Convention. 

It is expected that the chapters and 
clubs will make every effort to be repre- 
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sented at the Convention. The names of 
the delegates should be sent to the Office 
of the Executive Secretary at National 
Headquarters at once or not Jater than 
December 17, 1965. 

For further information regarding 
procedure for the Convention, please see 
Section 3.131 of the Manual of Proce- 
dure. 


Convention Program 


December 29, 1965 
66th Annual Convention 


Hotel Claremont.—Berkeley, California 


8:00-9:00 a.at.—Registration — Hori- 


zon Room 

9:00-Noon  —First Session—Hori- 
zon Room 

Noon-1:00 ».x.—Joint Sigma Xi- 

RESA Luncheon* 
— Lanais 2, 8 

1:00-1:30 P.M. —Procter Prize Address 
—Lanais 2, 3 

1:30-3:00 ».4.—Second Session—Ho- 
rizon Room 


* Luncheon tickets will be available 
in the Hotel Claremont, Fforizon Room, 
from 8:00 a.m. until 9:00 a.m. on De- 
cember 29 and delegates for whom 
reservations have been made may pay 
fee and pick up tickets at that time. 
Total capacity is limited and therefore 
it is advisable to secure a reservation. 


* * * 


8:30 P.M. 
Joint Annual 
Phi Beta Kappa-Sigma Xi 
Lecture 
Speaker: Dr. Jacob Bronowski 
Address: “The Logic of the Mind” 
at 
Harmon Gymnasium 

University of California, Berkeley 
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AGENDA 
66th ANNUAL CONVENTION 


December 29, 1965 


Hotel Claremont—Horizon Room 
Berkeley, California 


. Appointment by the President of 
three members to serve as a Com- 
mittee on Credentials 

2. Report of the Committee on Creden- 
tials 

. Approval of Proceedings of the 65th 
Annual Convention 

. Report of the President 

. Report of the Executive Secretary 

. Report of the Treasurer 

. Report and Recommendations from 
the Executive Committee: 

A. National Assessments and Fees 
for 1966-67 

B. Petitionsfor Chapter Status from: 
1. Boston College 
2. Clemson University 
3. Houston University 
4. Idaho State University 


-10» ore 


11. 


13 


B. National Lectureships 

C. Grants-in-Aid of Research 

Report of Nominating Committee 

and Election of Members of the 

Executive Committee: 

A. Member of the Executive Com- 
mittee—term expiring 1967— 
to replace Dr. Herbert E. Longe- 
necker, who was appointed to 
the Executive Committee in ac- 
cordance with Article IV, Sec- 
tion 5(d) of the Constitution, 
upon the resignation of Dr. 
Eugene P. Odum. 

B. Member of the Executive Com- 
mittee—term expiring 1969 —to 
replace Dr. Frederick C. Lind- 
vall whose term expires this 
year—1965. 

C. Member of the Executive Com- 
mittee—term expiring 1969—to 
replace Dr. C. Guy Suits whose 
term expires this year—1965. 

. General Business 


14. Adjournment 


Suggested candidates for the election 


5. Mississippi State University 
6. Southern Illinois University 
Proposed Changes to Constitu- 
tion and Bylaws: 

1. To amend Article VII, Section 
3(c) of the Constitution to 
clarify requirements for Execu- 
tive Committee approval of 
chapter nominations. 

2. To amend Article VI, Section 
*5(a) of the Bylaws in order to 
enlarge the Committee on Na- 
tional Lectureships. 

(Details of proposed revisions to 

Constitution and Bylaws given 

on page 416A.) 


8. Report of Editor-in-Chief of AMER- 
ICAN SCIENTIST 

9. Report of Editor of Science in 
Progress 

10. Reports of other Committees: 
A. Membership-at-Large 
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of Members of the Executive Committee 
may be sent to any member of the 
Nominating Committee: 


Dr. Waldemar T. Ziegler 

School of Chemical Engineering 

Georgia Institute of Technology 

Atlanta, Georgia 30332 

Dr. Dana Young 

Southwest Research Institute 

San Antonio, Texas 78206 

Dr. Frank M. Carpenter 

Biological Laboratories 

Harvard University 

Cambridge, Massachusetts 02138 

Dr. H. Richard Crane 

University of Michigan 

Ann Arbor, Michigan 48104 

Dr. Alexander Hollaender 

Oak Ridge National Laboratory 

Oak Ridge, Tennessee 37831, Chair- 
man 
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PROPOSED REVISIONS TO CONSTITUTION AND BYLAWS 


PRESENT WORDING 
CONSTITUTION 
ARTICLE VII 

Section 3.(c) In a non-degree-granting 
institution not having a chapter, any 
investigator who has shown noteworthy 
achievement as an original investigator 
. in some field of pure or applied science, 
as described in Article I, Section 3. 
Nominations by a chapter’s Committee 
on Admissions must be approved by a 
three-fourths vote of the (National) 
Executive Committee. 


PRESENT WORDING 
BYLAWS 
ARTICLE VI 
Section 5.(a) The Committee on 
National Lectureships shall consist of a 
chairman elected by the Executive Com- 
mittee for a term of four years and four 
other members appointed annually by 
the President upon recommendation of 
the chairman. 
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PROPOSED WORDING 
CONSTITUTION 
ARTICLE VII 

Section 3.(c) In a non-degree-granting 
institution not having a chapter, any 
investigator who has shown noteworthy 
achievement as an original investigator 
in some field of pure or applied science, 
as described in Article I, Section 3. 
These nominations for election (not 
promotion) by a chapter’s Committee on 
Admissions must be approved by a three- 
fourths vote of the (National) Executive 
Committee. 


PROPOSED WORDING 
BYLAWS 
ARTICLE VI 
Section 5.(a) The Committee on Na- 
tional Lectureships shall consist of a 
chairman elected by the Executive 
Committee for a term of four years and 
eleven other members appointed an- 
nually by the President upon recom- 
mendation of the chairman. 


THE EXECUTIVE SECRETARY’S PAGE 


This page, in the first three issues of AMERICAN Scientist this year, reported the 
progress of National Headquarters in converting its operations to a computerized 
system. Since the September issue, complete listings of membership have been pre- 
pared by the computer for each chapter and club. In addition, the membership of 
the Chapter-at-Large has been billed for their 1966-67 national dues under the new 
procedure. Now, with this issue, another of the important products and advantages 
of the revised operations has been realized—addressing AMERICAN SCIENTIST 
copies by the computer. $ 

Previously, the addressing operation, using address stencils, took National Head- 
quarters approximately four days, required two addressing machines and the time 
of four clerical assistants. This operation on the computer now requires but 3!/; 
hours and one operator. 

As previously announced, the new system is based on an eight digit member 
number for each Member or Associate Member of the Society. The first two digits 
indieate the year in which the individual was first elected to membership, either 
as an Associate Member or as a Full Member. The second three digits indicate the 
electing chapter by the code which was included in the appendix of the September 
issue of AMERICAN ScrENTIST. The last three digits merely enumerate. 

This member number is imprinted above the individual's name and address on the 
AMERICAN ScrENTIST mailing label. In addition, the code number of the chapter or 
club with which the Member or Associate Member is now active is also given. 
Starting at once, National Headquarters will, after making an address change in 
response to a notice from the Post Office or the individual concerned, forward that 
same notice to the secretary of the chapter or club with which the individual is 
active. Incidentally, address changes at National Headquarters have been averaging 
more than 20,000 per year. 

On some addresses, the Zip Code is incomplete with only the first three numbers 
given. It would be of tremendous help if incomplete labels could be returned with the 
correct Zip Code numbers. These numbers are actually being used in preparing the 
mailing lists, i.e., the complete active membership tape is sorted by Zip Code num- 
ber before the mailing labels are produced. 

A number of by-products have developed during the conversion operation which 
are indicative of even greater potential benefits to the chapters and clubs from these 
new operations than perhaps had been envisioned. For instance, one chapter has 
sent a tape to National Headquarters with a request that it be returned with a 
duplicate of the National Headquarters records of its membership. This chapter will 
use this tape on its own computer equipment to address notices of meetings and 
other local communications. The chapter plans to maintain this tape once it has been 
received by using the same procedures as have been developed at National Head- 
quarters. 


TNH. 
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ANNOUNCEMENT 


As Chairman of the Committee on Membership-at-Large, it is my pleasure to 
announce that, under the provisions of Article VII of the Constitution, the Chapter- 
at-Large has Promoted to full membership in the Society: 


JosepH M. AEIN Tuomas S. EpRINGTON 
Institute for Defense Analyses Sandia Corporation 
Arlington, Virginia Albuquerque, New Mexico 


CARL FULTON AUSTIN 
U. S. Naval Ordnance Test Station 
China Lake, California 


GEORGE CHRISTOPHER BUELL 


J. C. Maurice L’ARRIVEE 
Canada Department of Agriculture 
Brandon, Manitoba, Canada 


California State Department WiruiaM CUMMING LEITH 
of Public Health H. G. Acres & Company 
Berkeley, California Niagara Falls, Canada 
Davin J. COTTER GonpoN H. SILVER 
Alabama College G. H. Silver & Associates 
Montevallo, Alabama Newtonville, Massachusetts 


DoNarp L. Woop 
Shell Chemical Company 
Deer Park, Texas 


Also, the Chapter-at-Large, with the approval of the National Executive Commit- 
tee, has Elected to full membership in the Society: 


VINCENT J. BAGDON Wayne C. Hanson 
Materials Research Laboratory Battelle-Northwest 
Fort Belvoir, Virginia Richland, Washington 


LOWELL ALVIN KING 
United States Air Force Academy 
Colorado 
James H. Marss, Chairman 
Committee on Membership-at-Large 


THE SCIENTIFIC RESEARCH SOCIETY OF AMERICA 


The Youngstown Branch of RESA was installed on May 6, 1965, by Doctor 
Prentice with eighty-four charter members. The original movement to organize this 
branch was made at the Youngstown Sheet and Tube Co.; but, when it was known 
that a charter would be presented, many research scientists in and near Youngstown 
expressed a desire to join the group. The branch name, therefore, was changed to 
Youngstown, and it will welcome as members qualified scientists in the area. 

A branch of RESA was installed at Panama City, Florida, by Doctor Prentice on 
August 7 with forty-three charter members. The research staff at the United States 
Navy Mine Defense Laboratory sponsored this branch, and scientists from several 
other important research laboratories in the neighborhood are members. Twelve 
members of Sigma Xi are included in the group. Officers of the branch are: George 
Austin, Jr., President; Charles Foster, Secretary; and Walter Burgmann, Treas- 
urer. 

The 1965 Convention of the Scientific Research Society will be held at the Clare- 
mont Hotel, Berkeley, California, on Wednesday, December 29 at 3:00 p.m. 
There will be a luncheon for Sigma Xi and RESA delegates at 12:00 noon on that 
day at the Claremont Hotel at which the 1965 Procter Award for Scientific 
Achievement will be presented and the annual Procter Award Address, open to all 
A.A.A.S. members, will be given—D.B.P. 
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The SIGMA XI-RESA National Lectureship Program 
1965-66 Series Spring 1966 
Lecture Schedule 


CENTRAL TOUR—SPRING 1966 


“The Origin of New World Civilization 
as Seen from Tebuacan" 


Dr. RICHARD MAC NEISH 


Head, Department of Archaeology 


University of Alberta 
Calgary, Canada 
March 14-25, 1966 





MAR.14 Michigan Technological University = Club, Houghton 
15 Michigan State University Y= Chapter, East Lansing 
16 Dow Chemical Company RESA Branch, Midland, Michigan 
17 Bowling Green State University XZ Club, Bowling Green, Ohio 


18 West Virginia University Y= Chapter, Morgantown 
* * * 


21 Ohio University XX Chapter, Athens 

22 Air Force Dayton Laboratories RESA Branch, Wright-Patterson Air Force 
Base, Ohio 

23 University of Kentucky XZ Chapter, Lexington 

24 Indiana University XE Chapter, Bloomington 

25 Ball State University XZ Club, Muncie, Indiana 


METROPOLITAN NEW JERSEY 
NEW YORK TOUR-—SPRING 1966 


*The Evolutionary Development of 
Natural Science" 


DR. STEPHEN TOULMIN 
Professor of Physics 


Harvard Project Physics 
Harvard University, Cambridge, Massachusetts 
March 14-25, 1966 





JA 
MAR. 14  Rutgers—The State University XZ Chapter, New Brunswick, New Jersey 
15 City College Zx Club, New York 
16 Vassar College XZ Club, Poughkeepsie, New York 
17 Adelphi University XX Club, Garden City, New York 
18 Brooklyn College EE Chapter, Brooklyn, New York 


* * * 


21 St. Bonaventure University EX Club, St. Bonaventure, New York 

22 Manhattan College >= Club, Bronx, New York 

23  Socony-Mobil XX Club, Socony-Mobil Laboratories, Paulsboro, New Jersey 
24 Downstate Medical Center EE Club, State University of New York, Brooklyn 
25 Polytechnic Institute of Brooklyn XZ Chapter, Brooklyn, New York 
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Lincoln Laboratory, a research center of the Massachusetts Solid State Physics 
Institute of Technology, conducts investigations in selected Information Processing 
areas of advanced electronics, with emphasis on appli- Radio Physics and Astronomy 
cations to national defense and space exploration. The Radar 
ormation Processing research program is directed toward enriching Computer Applications 
e technology of digital computers, developing improved techniques Space Surveillance Techniques 
r automatic data processing systems, and increasing understanding Re-entry Physics 
the interaction between computers and their users. All qualified Space Communications 
bplicants will receive consideration for employment without regard to 
e, creed, color or national origin Lincoln Laboratory, Massa- A description of the Laboratory’g 
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MID-ATLANTIC TOUR—SPRING 1966 


“Band and Bonds: An Appraisal of the Current 
State of the Theory of the Electronic Structure 
of Solids” 


Dr. HARVEY BROOKS 
Dean, Division of Engineering and Applied Physics 


Harvard University, Cambridge, Massachusetts 
February 14-28, 1966 





FEB. 14 *Frankford Arsenal RESA Branch, Philadelphia, Pennsylvania 
Franklin Institute RESA Branch, Philadelphia, Pennsylvania 
15 Lafayette College EX Club, Easton, Pennsylvania 
16 Drexel Institute of Technology XZ Club, Philadelphia, Pennsylvania 


17 Swarthmore College X Chapter, Swarthmore, Pennsylvania 
18 Army Chemical Center RESA Branch, Edgewood Arsenal, Maryland 


* * * 


21 U.S. Naval Research Laboratory RESA Branch, Washington, D.C. 
22 Medical College of Virginia = Chapter, Richmond 

23 University of Virginia Y= Chapter, Charlottesville 

24 Old Dominion College XX Club, Norfolk, Virginia 

25 University of Maryland XZ Chapter, College Park 


* Host for joint meeting. 


MID-WEST TOUR—SPRING 1966 


“Regulatory Mechanisms in Higher Plants" 


DR. ARTHUR W. GALSTON 
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WFNET- FE CE FEED VEVI CEE EEE 
GM’s research in depth 


A Noble Approach 
to an Old Problem 


Edison was first. 


He converted heat to electricity in a vacuum tube 
back in '83. But there was a barrier. 
We're knocking it down. 


In a gas-filled thermionic tube, electrons can be 
boiled off of an emitter and directed to a collector, 
giving current flow. But only briefly. 

Then a cloud of electrons forms in the path... 

a space charge inhibiting further flow. 


One way to get rid of this barrier is to neutralize 
it with positive ions, charged atoms of some gas. 
Many experimenters use vaporized cesium. 

But its atoms impede electron flow, requiring close 
interelectrode spacing. So GM Research physicists 





chose some of the noble gases—argon, 


neon, and xenon. They offer less impedance. 


Our experimental emitter is a mixture of fissionable 
material and good electron-emitting material. 
Exposed to a neutron barrage in a reactor, the emitte 
gets hot from its own nuclear fission, sending 
electrons toward the collector. This same fission 
produces fragments that bombard the noble gas, 
generating ions to counteract the space charge. 


We have developed a theory to predict the ion 
generation rate and have experimental 

data that backs it up. We think we understand 
why and how things happen. 


General Motors is in the energy conversion business. 
The direct conversion of heat to electricity, 
with a device having no moving parts, interests us. 


General Motors Research Laboratories 
Warren, Michigan 
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Characteristics of tubes filled with gases ionized by 
fission fragments. Resulting current is a function of ion 
generation rate, which is increased greatly (from 1.8 to 
2.6 x 10" ions per cm? per sec) by small addition of argon. 
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THE “LEGAL” VALUE OF 7, AND SOME RELATED 
MATHEMATICAL ANOMALIES I 


By M. H. GREENBLATT 


Many people have heard, at some 
time during their schooling, that “some 
legislature, somewhere, once tried to 
legislate the value of ~r, and set it equal 
to 3.” The very idea of trying to legislate 
upon something as unlegislatable as the 
value of x is ludicrous. But such a bill 
was actually considered, and the details 
of this and the way it was handled, cul- 
minating in its rejection by the State 
Senate, can be somewhat amusing. 

The bill in question is House Bill 
#246, which was introduced in 1897 into 
the Indiana State Legislature [1]. The 
bill was introduced by Representative 
T. I. Record, representative from Posey 
County. It does not suggest a single 
number for the value of m but rather 
suggests several different numbers. The 
bill was presumably offered as a con- 
tribution to education in the state of 
Indiana. 

The first part of the bill states that the 
area of a circle is equal to the area of a 
square whose side is 14 the circumference 
of the circle. If we represent the radius 
of the circle by r, the circumference 
would be 2zr, and the bill would have 
us believe that the quantity [27/4]? is 
equal to the area of the circle. We have 
been taught that the area of the circle 
was simply, z7?. The area suggested in 
the bill would be correct if we assumed 
that r was equal to 4. The bill then goes 
on to mention that the ratio of the chord 
to the are of 90? is as 7 to 8. We would 
state the chord of 90? in a circle of radius 
r, was equal to rv2, and the arc of 90° 
is simply (z/2)r. This latter "truth" 
would lead to a value of 7 = v2 x 
16/7. (This last statement is closer to 
the truth than was the first statement.) 
The same paragraph goes on to say that 
the ratio of the diagonal to one side of a 
square is as 10 is to 7. The assumption 
here is that the square root of 2 is exactly 
equal to 10/7. This approximation is 
good to 1%. The bill then says that the 
ratio of the diameter to the circumfer- 
ence of a circle is as 5/4 is to 4 (or, t = 


16/5 = 3.2). The paragraph in question 
winds up by stating that, “since the rule 
in present use fails to work. . ., it should 
be disearded as wholly wanting and 
misleading in the practical applica- 
tions." The bill ends with the trium- 
phant statement that the author has 
“solutions of the trisection of the angle, 
duplication of the cube, and quadrature 
of the circle, which will be recognized 
as problems which have long since been 
given up by scientifie bodies as unsolv- 
able mysteries, and above man's ability 
to comprehend." 

When the bill was first introduced 
into the House of Representatives, in 
Indiana, it was referred to the Com- 
mittee on Swamp Lands. The person 
who referred the bill to this committee 
is not known, but if he were known 
today, he might be honored for having 
given such a diplomatie appraisal of the 
worth of the bill. 

The Committee on Swamp Lands ap- 
parently recognized that the bill was not 
really in their province, and they recom- 
mended that the bill be considered by 
the Committee on Education. The Com- 
mittee on Education considered the 
bill, reported it back to the House, and 
recommended that it should pass. And 
it did pass, unanimously, 67 to Q. 

In the Senate, the bill fared a little bit 
worse. It was referred to the Committee 
on Temperance! (Perhaps the same 
shrewd chap who referred the bill to the 
House Committee on Swamp Lands had 
a part in referring it to the Committee 
on Temperance. A wonderful choice of 
committees!) 

The bill passed the first reading in the 
Senate, but that is as far as it ever went. 
After that first passage, the senators 
were properly coached, and on the 
second reading, the Senate threw out 
this “epoch-making discovery" with 
much merriment. 

This anomaly from the Indiana State 
Legislature may very well be mirrored 
in other state legislatures. The fact that 
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the author mentions in the bill that he 
also has solutions for the trisection of the 
angle, the duplication of the cube, and 
the quadrature of the circle, qualifies 
him for membership in that vast army 
of “impossible-problem solvers.” They 
have been harshly described as many 
well-meaning, self-appointed, and self- 
anointed mathematicians, and a motley 
assortment of lunatics and cranks, 
knowing neither history nor mathe- 
matics, who supply an abundant crop of 
"solutions" of the insoluble problems 
each year. The problems of the trisection 
of the angle, the duplication of the eube, 
the quadrature of the circle, ana «he 
rectification of the circle, with ruler and 
compass alone, have been proved im- 
possible. The proofs are accepted by the 
mathematical community, but the 
“cranks and lunatics” keep on proposing 
solutions and constructions. 

A ruler and compass alone can be used 
to solve problems which involve the 
square root, but not problems which 
involve higher roots, such as the cube 
root. The trisection of a general angle 
involves the cube root, and, therefore, it 
cannot be solved by the use of a ruler 
and compass alone. Duplication of the 
cube involves the cube root of 2, and 
hence, it too, cannot be solved using 
only a ruler and a compass. The quad- 
rature of the circle, which is equivalent 
to finding a square of area exactly equal 
to that of a given circle, is impossible 
with ruler and compass alone, because 
it invowes a nonconstructible trans- 
cendental number, v. (A transcendental 
number is one which is not the root of 
a finite algebraic equation with in- 
tegral coefficients.) Rectification of a 
circle, or the problem of constructing a 
straight line of length equal to the cir- 
cumference of a given circle, is also im- 
possible with ruler and compass alone, 
because the problem involves that non- 
constructible transcendental number, 
a, again. All these statements can be 
proved beyond a shadow of a doubt. 
But the proofs keep coming. 

Part of the reason that “solutions” 
keep appearing is that the rules of the 
game may not have been completely 
understood. Squaring the circle, dupli- 
cation of the cube, and the trisection of 
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the angle are to be done using the ruler 
and compass only. (The ruler, of course, 
is a straightedge, which can only be used 
for drawing straight lines; it eannot be 
used to measure distances.) 

If we accept these restrictions for the 
two aforementioned drawing instru- 
ments, then it can be proved that these 
constructions are impossible. The proof 
of these statements is given in Courant 
and Robbins, “What is Mathematics?” 
[2], Chapter 3. As they point out, the 
sum, difference, product, and quotient of 
any two given lengths can be obtained 
by the use of ruler and compass alone. 
In addition, the ruler and compass can 
be used to obtain the square root of any 
length. Thus, only those numbers which 
are rational numbers or rational num- 
bers inereased by the square root of 
another rational number can be con- 
structed. Put into different words, this 
means that the solutions of first and 
second degree equations can be con- 
structed with the use of a ruler and 
compass alone. But the solutions of 
higher order equations cannot be so con- 
structed. If we allow ourselves a 
(seemingly) trivial liberty, and allow 
the straightedge to be used for measuring 
lengths, then Figure 1 shows how an 
arbitrary angle can be trisected. In this 
figure, the angle AOB is to be trisected. 

Around O, we draw a circle of arbi- 
trary radius r. The straightedge is ar- 
ranged so that it passes through point 
A, and two points on the straightedge, a 
distance r apart, are made to fall, one 
on the circumference of the circle at C, 
and the other at the extension of line 
BO, striking it at D. We call the angle 
AOB, angle x, and angle ODC is called 
angle y. Angle y is measured by 144 the 
difference between the larger and smaller 
arcs of the circle that it intercepts. 

Thus, angle y is measured by 14 of the 
arc from A to B minus the arc from C to 
E. Since triangle ODC is isosceles, angle 
y must be measured by l4 of angle x 
minus angle y. From this, we get the 
simple expression y = 2/3. Thus, the 
trisection of the angle can be performed 
if we allow ourselves merely to measure 
one length. The cube root can be con- 
structed by a special machine as is shown 
in Courant and Robbins on page 146. 
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All constructions which correspond to 
rational operations, and those which cor- 
respond to the extraction of a square 
root, can be done with a ruler and com- 
pass alone. If we are given a ruler and a 
compass, and two lengths, A and B, 
then, for example, we can lay the A and 
B next to each other, along a straight 
line, and thus produce the length A plus 
JB. In a similar way, A — B can be con- 
structed. The product A-B can be con- 
structed in the following manner: 





Fig. 1. The trisection of a general angle. 


As 
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Fig. 3. Formation of the quotient A/B. 


Two straight lines, which start at a 
common vertex O, are drawn. Along one 
of them, the length A is produced, and 
the unit length is also marked. On the 
other line, the length B is indicated, and 
a line from the end of the unit mark to B 
is drawn. Then, referring to Figure 2, a 
line through A and parallel to line CB 
intersects the extension of line OB at D, 
and OD is equal to the product A-B. 
The division of A by B can be con- 
structed in a similar manner. Referring 
to Figure 3, from point O two lines of 
length A and B are drawn. On line OB, 
the unit length is indicated, at point C. 
Then, line CD, which is parallel to A B is 
drawn. This line intersects OA at a dis- 
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tance from O equal to A divided by B. 
In addition to these simple, rational 
operations, the square root of any length, 
can be constructed. To construct the 
square root of a dimension L, we have 
only to lay the dimension L on a straight 
line, and the unit length is placed right 
next to it. Then, labeling these points 
A, B, and C, as is shown in Figure 4, we 
bisect the length AC and draw a semi- 
circle around it as is shown. Then, from 
point B, a perpendicular is erected. The 


fion 


Fic. 2. Formation of the product A-B. 


L. I 


Fic. 4. Construction of the square root. 


length of this perpendicular from the 
base line up to the point of intersection, 
D, is equal to the square root of L. This 
is so because angle ABD and angle DBC 
are both right angles, and the two tri- 
angles are similar. 

Having geometrical constructions 
which correspond to the sum, difference, 
product, and quotient of any two lengths, 
and having, further, a construction 
which can realize the square root of any 
length, we are in a position to construct 
the solution of any equation which is of 
order 2 or less. It is very often found, 
however, that the solution derived in 
this manner does not correspond to the 
most elegant solution of the problem. 
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But, the important thing is that all 
equations of the 2nd degree or less can 
be solved by this simple construction. 

In 1797, the Italian mathematician 
Mascheroni proved that all construc- 
tions which were possible with a ruler 
and compass could also be done with 
the compass alone. (A Danish mathe- 
matician named Mohr had done ap- 
proximately the same thing about 100 
years earlier. These constructions are 
now known as the Mohr-Mascheroni 
Constructions.) [3] It is understood 
that the straight lines cannot be drawn, 
but the points defining these straight 
lines can be constructed. 

The straightforward Mascheroni con- 
struction leading to the solution of some 
problems can look messy. This can best 
be brought out by considering a little 
problem. Given two points, A and B, 
construct the other two points which, 
with A and B, would be at the four 
corners of a square. This problem is 
ridiculously easy with ruler and com- 
pass. If one attacks it according to the 
general method by which Mohr-Mas- 
cheroni problems can be solved, the 





Fia. 5. Solution of the construction of a 
square. 


problem turns out to be somewhat in- 
volved. On the other hand, we can con- 
sider a drawing, as is shown in Figure 5. 
The two original points are A and B, and 
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a circle is drawn centered at A and of 
radius AB. This same radius is laid off 6 
times around the circle, thus defining 
point C, which is along the straight line 
BAC. We can draw the ares of radius 
BD and CE so that they intersect at the 
point marked X in the figure. The dis- 
tance from A to X can be calculated, 


and it is equal to 'V/24B. Thus, the 
diagonal of the square has been con- 
structed, and having this length, we can 
draw two more ares, as shown in Figure 
5, so that the two additional points A’ 
and B’, are defined. The strict Mohr- 
Mascheroni construction would have 
required us to construct two points 
which lie on a line perpendicular to the 
line from A to B, and which passed 
through A, and through B, individually. 
Then, the semicircle, centered at A and 
at B, would have had to be bisected. 
This can surely be done, but most people 
would probably prefer the first solution. 
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The efforts in the Indiana Legislature 
recorded in the preceding article were 
forestalled by prehistoric Britons, ac- 
cording to the findings of Alexander 
Thom, Emeritus Professor of Engineer- 
ing Science, at Oxford. On page 150 of 
Stonehenge Decoded© by G. S. Hawkins 
and J. B. White, published in September 
1965, by Doubleday & Co., New York, 
are to be found the following para- 
graphs: 

"Alexander Thom, Emeritus Pro- 
fessor of Engineering Science at Oxford, 
maintains that prehistorie Britons pos- 
sessed hitherto unsuspected skills in 
geometry. He bases his conclusion on 
painstaking analysis of ancient stone 
circles. 

“There are several hundred of these 
rings, varying in diameter from a few 
yards to 370 feet, scattered over England 
and Scotland, Called in Gaelic “tursa- 
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chan” or “mourners,” and in Cornwall 
“merry maidens,” they are about 4000 
years old. Some 140 of them are still in 
good enough condition to be studied. 

“Thom found that more than 100 
of the “mourners” were circles, and 
thus uninteresting geometrically. But 
the rest of them were very curious. They 
were strange figures which at first 
glance looked like poorly constructed, 
sloppy circles, but which under close 
scrutiny were found to be of geometri- 
cally precise design. Most of them were 
composed of two disparate halves. One 
half was an accurate semicircle, the 
other was a flattened or bulging ap- 
proximation of that semicircle. The 
flattened or bulging figures could be 
classified in six categories, and Thom 
found that he could reproduce them all, 
quite accurately, by simple geometric 
methods. All that was necessary was to 
lay out the ‘good’ semicircle with a 
stake and a rope and then use different 
centers, such as the points which trisect 
the diameter, and different radii, such 
as one third of the diameter, to lay out 
the second, ‘bad’ half of the figure in 
short ares. One result of this asymmetric 
construction was that two of the six 
categories yielded almost circular figures 
whose circumferences, or peripheries, 
very nearly equaled exactly three times 
their diameters. For one group the 
ratio was 3.059. For the other, it was 
2.957. For a true circle the circum- 
ference-diameter ratio, m, is 3.141596 
..., a number that cannot be written 
exactly, which is one of the most an- 
noying facts of mathematical life. 

“Were those prehistoric Britons try- 
ing to make almost-cireles whose ‘r’ 
equaled exactly 3? 

“Thom, speaking as an engineer, 
says that the differences between 3.059 
and 2.957 and 3.0 are so relatively small 
that a modern engineer could not easily 
measure them in the proportions of those 
stone "circles," and primitive men with 
primitive measuring devices very prob- 
ably could not have detected them. If 
those ancient builders were trying to 
make + = 3 in their distorted circles 
they probably thought that they had 
succeeded.” 
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Letters to Editors 


DEAR Sirs: 


I regret to have to call your attention 
to an alteration of the title of my paper 
“Ethical Problems of Scientists—A 
Summary,” which appeared originally 
in Physics Today. As reprinted in the 
September 1965 number of AMERICAN 
Scientist, the words “A Summary" are 
absent. One consequence of this ab- 
sence is bibliographical confusion. The 
title used for the summary, as published 
in your journal, is now identical to the 
title of a full-length paper which ap- 
peared in the Summer number of the 
Educational Record, Volume 46, Number 
3, pp. 282-296. The full paper will also 
appear under that title as a chapter in a 
book, “Lectures in Physics, History, and 
Society,” edited by J. G. Dash, to be 
published by the University of Washing- 
ton Press. 

I am pleased that mention of the 
summary character of the article has 
been made in the section on ‘“Contrib- 
utors." But let me note that a writer 
on ethies faces an array of peculiar oc- 
cupational hazards, including the sus- 
picion of presumption and of a homi- 
letic attitude and tone. These are hazards 
one can hope to minimize by carefully 
assembling and presenting evidence and 
discussion as a basis for what one hopes 
are reasonably well grounded conclu- 
sions. To expose a summary to view 
without identifying it very conspicu- 
ously as such is to expose oneself to more 
hazard than I would have risked on my 
own account. 

Sincerely yours, 
LAWRENCE CRANBERG 
Professor of Physics 
University of Virginia 
Charlottesville, Va. 22903 


Dear Sirs: 

I would like to add some comments to 
the claims made in the article “Liquefied 
Natural Gas—A New Source of Energy: 
Part II, Peak Load Shaving and Other 
Uses," as to the value of liquefied 
natural gas (LNG) as a rocket and jet 
fuel. 

1. The quoted performance gains on 
going from LOX-RP-1 to FLOX-LNG 
are due largely to the inclusion of fluo- 


rine in the oxidizer rather than to the 
change in hydrocarbon fuel) Use of 
fluorine in large first stages has been con- 
sidered for years but rejected to date for 
safety, testing, and cost reasons. 

2. The quoted payloads for Saturn V 
to solar system escape may be relatively 
correct under whatever assumptions 
were made in their calculation, but the 
examples are specious: the three-stage 
Saturn V is not designed for solar system 
escape, and would, in fact, be very mar- 
ginal for such a mission.? What is needed 
and would be used is not a new higher 
energy first stage nor a new nuclear third 
stage, development of either of which 
would be extremely expensive, but the 
addition of a high-energy fourth stage, 
such as Centaur, which is already avail- 
able. With addition of Centaur to 
Saturn V, the solar system escape pay- 
load is 16,000 Ib? compared to 10,300 Ib 
quoted for the FLOXed three-stage 
vehicle. 

3. The lower density of LNG rela- 
tive to RP-1 (or a corresponding jet fuel) 
represents a significant disadvantage in 
both rocket booster and jet applications. 

4. The desirability of a fuel as cool- 
ant depends on a variety of factors and 
on the application: where cooling is done 
with the coolant under supercritical 
pressure, as is possible in certain rockets, 
LNG could indeed absorb more enthalpy 
per pound than can RP-1; where the 
coolant is at low pressure, as would be 
the ease in an SST, the greater liquid 
range of a fuel like RP-1 would make it 
the better coolant.! 

5. Statements to the effect that Hə- 
O» is unsuited for a reusable vehicle, and 
that LNG is safer than RP-1 are, I be- 
lieve, erroneous. Certainly most re- 
coverable booster studies assume H-O, 
as the prime propellant candidate. 

LNG is indeed an interesting fuel 
material, and may yet find application in 
rockets or air breathers. A more 
balanced, even if brief, treatment would 
be preferable for publication in AMERI- 
CAN SCIENTIST. 


Very truly yours, 

ROBERT C. OLIVER 
8013 Glenmore Spring Road 
Bethesda, Maryland 20034 
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Dear Mr. OLIVER: 


Your letter of October 13 addressed 
to the editor of AMERICAN SCIENTIST re- 
garding my paper on LNG (Part II) was 
forwarded to me for reply. Although I 
have worked intermittently as a con- 
sultant for the past 18-years on an 
assortment of problems related to rocket 
engines, I do not consider myself an 
expert in this field. However, I shall at- 
tempt to answer your comments based 
largely on my more recent experiences 
with recognized authorities from both 
NASA and the space industry. 

1. I agree that fluorine poses new 
problems of safety to the space program, 
but not to the chemical industry, in 
addition to cost. Nevertheless its per- 
formance advantages must certainly 
justify the large sums being expended 
both by the government and private in- 
dustry; I doubt seriously if it ‘will be 
shelved. Your statement that the per- 
formance gains on going from LOX- 
RP-1 to FLOX-LNG are largely due to 
fluorine is specious. Tests have shown 
that LOX-LNG enjoys 9 to 15 see im- 
provement in specific impulse over 
LOX-RP-1, which in terms of payload 
capability is very significant. In addi- 
tion, there is an important advantage in 
combustion stability with LNG which 
was not mentioned. 

2. There was no intention to imply 
that Saturn V is designed for solar sys- 
tem escape. The use of solar system 
escape payloads as a basis for comparing 
performance of systems originates with 
NASA not me. It is not only a con- 
venient basis, but it is also a more mean- 
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ingful criterion than specific impulse 
ar density impulse. Further I don’t be- 
lieve it is justified to compare four- 
stage with three-stage vehicles. I have 
some thoughts about piling Centaur on 
Saturn V, but since our discussion re- 
volves around a point which I purposely 
tried to play down by incorporating it 
only as a footnote, I don’t think it 
deserves further comment. 

3. The density of the LOX-LNG 
propellant is 80 per cent of LOX-RP-1. 
In the ease of FLOX, the LNG system 
has a density of 88 per cent of RP-1. 
The corresponding figures for H» com- 
pared to RP-1 are 27 and 37 per cent. 
Nevertheless, both LNG and H» out- 
perform RP-1 so that density is not so 
signifieant a criterion as is implied by 
your comment. In the case of supersonic 
aireraft, fuel density is not so critical 
as in subsonic aircraft because the 
former is not volume-limited. More im- 
portant is the aircraft range attainable 
with the fuel. The combustion efficiency 
of LNG more than compensates for its 
low density, and for the applications 
with which I am familiar it enjoys a 10 
to 15 per cent advantage in range over 
kerosene-type fuels. 

4. I doubt if RP-1 could be modified 
economically to achieve the thermal 
stability needed to meet cooling require- 
ments on supersonic aircraft, partic- 
ularly above Mach 2.5. Furthermore, I 
do not understand your implication that 
vaporization of the coolant is prohibited. 
To mf knowledge even the thermally 
stabilized kerosene fuels do not have 
sufficient heat-sink capacity to handle 
turbine cooling alone, which for some 
supersonic aircraft may be slightly over 
one-half of the total cooling require- 
ments. What the ultimate fuel for super- 
sonic aircraft will be, I’m not prepared 
to speculate. I, however, do know that 
LNG is very much in the picture, judg- 
ing from the continuing inquiries I re- 
ceive from those responsible for de- 
velopment of the SST. We have studied 
the nucleate and film-boiling character- 
istics of LNG at temperature differences 
up to 1000?F. and pressures up to the 
critical and they seem promising. 

5. There are two schools of thought 
on reusable engines, those that believe 
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they are sheer nonsense and those who 
swear by them. In the latter category I 
have seen some very convincing informa- 
tion from engine manufacturers (of all 
people) that prompted my statement re- 
garding the relative merits of LNG and 
H» as fuels for recoverable vehicles. 

Now on your last point regarding the 
relative safety of LNG over RP-1, I 
feel that I can speak as an authority. In 
fact I don’t know of anyone who under- 
stands the properties of these two sub- 
stances that would disagree with me, 
except you. If you have some informa- 
tion in this respect, I would greatly 
appreciate receiving it since the ques- 
tion of safety in handling potentially 
hazardous materials is one of my primary 
areas of concern. You might be inter- 
ested to know that we have experi- 
mented with the monopropellant sys- 
tem, LNG-LOX, and although it is 
shock-sensitive, it is not so sensitive as 
some chemicals that have been handled 
commercially for many years. Its per- 
formance potential is so attractive, it 
merits consideration. If it could be 
developed, it could probably outperform 
any chemical system we have considered 
to date. 

I have not had the opportunity to see 
the three references you cited; none of 
them were available at the time I wrote 
this paper. Thank you for your com- 
ments. 

Very truly yours, 

C. M. SLIEPCEVICH 

Research Professor-College of Engg. 
The University of Oklahoma 
Norman, Oklahoma 


DEAR SIRS: 


Questions connected with the evolu- 
tion of human intelligence have been of 
great interest to me for a long time. 
Professor Reed's article in the September 
issue of AMERICAN SCIENTIST provides 
data of considerable interest, but the 
conclusion may be questioned if another 
path of inductive reasoning is followed. 

The evolutionary process is most 
properly viewed as a process of “natural 
selection" which has unfortunately also 
been described as a “survival of the 
fittest.” This is unfortunate because it is 
so difficult to consider a specimen *'fit" 
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except by human standards. An under- 
„standing of the evolutionary process is 
improved by adding some corollary 
“laws” to the concept of natural selec- 
tion. These corollaries are: 

1. Each specie tends to live in an 
equilibrium with its environment and 
the single most important factor is the 
food supply. Other factors such as nest- 
ing places or hibernation caves may be 
limiting factors for some species but 
dominant species are always up against 
a food limitation. 

2. Any particular organ or part of an 
animal is only as good as it has to be, 
on the average, in all the members in a 
gene pool. This must be so because 
nature requires only that the individual 
survive and reproduce. There is no 
bonus for excellence. The hawk has 
marvelous telescopic vision because 
he must have. The elephant can see 
only well enough to graze on the 
branches within reach. The fish in un- 
lighted caves have degenerate eyes and 
no skin pigment. Humans have vestigial 
body hair because the use of warm homes 
and clothing has made a coat of fur 
unnecessary. A heavy fur coat may be a 
liability in a house that can harbor lice. 
The additional nutritional requirement 
can be a factor. Races of men who had to 
have heavily pigmented skin have it. 
Those northern people who had to live 
indoors and wear clothing much of the 
year had the skin degenerate to a thin, 
unpigmented and almost hairless type. 
“Degenerate” is probably a poor word 
to use, as the skin is adapted to do its 
work of elimination, cooling, protecting 
and sensing without being ‘“over-en- 
gineered" according to an average re- 
quirement. Sunburn and chafing are 
minor problems in Northern Europe. 
In a primitive tribe in Africa where 
tropieal sun, fungus and heat exist, 
a very blond child would probably not 
live to the age of one year. The skin 
is pigmented according to the needs in 
each gene pool. 

Science has not shown that humanity 
has a special place in nature’s scheme 
such that the ordinary laws can be 
ignored. Most of humanity lives almost 
in an equilibrium with the food supply 
even today. Various changes in tech- 
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nology have expanded the earth's carry- 
ing capacity such that famine conditions 
have not been common for a few genera- 
tions in Europe and America. 

Now if humanity follows nature's laws 
and if it is not necessary for any organ 
to have a capability on the average in 
excess of the minimum required for 
survival, then it is reasonable to expect 
that the average human intellectual 
genetie endowment is what was required 
for survival in the primitive societies 
that existed several thousand years ago. 
It was probably surprisingly high 
by today's standards because life 
existed then with poor nutrition, no 
formal education and a short life span. 
A mentally retarded child or à psycho- 
pathie personality would not be ex- 
pected to live long. 

Another intuitive probe into the 
evolution of human intelligence makes 
me feel that the average intellectual 
endowment (not attainment) is today 
about as it was 1000 years ago. How- 
ever, the development of highly organ- 
ized societies with a division of occupa- 
tions and a resulting stratification of 
society has very likely caused a spread- 
ing of the curve of distribution. This 
means that there are more brilliant in- 
dividuals and more incompetents in a 
complete sample of the population to- 
day. A democratie society will not re- 
duce this effect but intensify it. The gulf 
between the janitor and the teacher, the 
working man and the business owner, 
the welfare recipient and the college 
faculty, ete. is almost as great in the 
United States as anywhere. But by 
permitting the most capable offspring 
of poorly educated parents into the 
higher levels of society, the distribution 
curve will be flattened more and more. 
By the same token, the less competent 
offspring of high level parents will have 
to accept a lower status in their life 
work. 

Is the intellectual genetic endowment 
in humans changing from generation to 
generation? My guess is that its average 
value has not changed very much. The 
average intellectual attainment, which 
is something else again, is improving in 
the western nations and perhaps others. 
The range of intellectual abilities is prob- 
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ably wider now than heretofor. The 


.range is enough to provide leadership 


and scientific and technical skills—more 
could be used. The average I.Q. which 
is needed to permit survival and repro- 
duction today in our well-fed European 
and American nations must be lower 
than what was required 10,000 years 
ago. Consequently, we must assume 
that there is danger of a degeneration, 
not an improvement in the intellectual 
genetic endowment in humans. 

Let us start thinking about some 
eugenie controls before nature decides 
the way with famine and catastrophe. 

Very truly yours, 

ROBERT SELFRIDGE 

7620 Capricorn Drive 
Citrus Heights, California 


I am pleased that my short paper 
stimulated Mr. Selfridge to write the 
short, short paper above. It restates the 
traditional eugenic position that man's 
genotype is still in need of considerable 
improvement. The basie concept is 
acceptable to me. My paper showed that 
the genetic component of intelligence can- 
not change rapidly in the world popula- 
tion, and that if it is changing at all at 
present it could be  improving.— 
SHELDON REED 


MISCONDUCTORS 


Through the courtesy of the Editor of 
the Journal of the Royal Society of Arts, 
and with the permission of Sir Charles 
Goodeve, we reprint a portion of the 
discussion succeeding a lecture by Pro- 
fessor Sir Willis Jackson on “New 
Materials in Engineering" to the Royal 
Society of Arts printed in the September 
1965 issue of its journal. 


SIR CHARLES GOODEVE, F.R.S. (British 
Iron & Steel Research Association) : One 
serious question, and if the Chairman 
will permit, one frivolous. The serious 
one is that rumors keep occurring that 
super-conductivity at room temperature 
is likely to be discovered. Is there any 
evidence of that? The second is, why are 
semi-conductors known as feminine? 

THE LECTURER: I know of no evidence 
to support the rumor you mention. On 
the other hand, I have been told that the 
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Americans have produced a semi-con- 
ductor laser capable of operating at 
room temperature. As to the sex of semi- 
conductors, I do not know. 


SIR CHARLES GOODEVE: I would have 
thought that your students would have 
told you that it is because their resist- 
ance decreases as they warm up! At the 
Bell Telephone Laboratories semi-con- 
ductors are known as ‘‘misconductors.” 


From the Department of Mechanical 
Engineering of the University of Texas 
comes the following commentary on 
recent issues of AMERICAN SCIENTIST. 


DEAR Sirs: 
You are guilty of spreading an 
insidious disease. My current symptoms: 


p. 178A, Chorus Girls 
p. 157, The Frug 
p. 159, Suburbia 


The reading of such articles will never 
be quite the same again. 

(Signed) J. A. Scanlan 

Members of Sigma Xi and RESA who 
keep back issues of AMERICAN SCIENTIST 
can trace the symptoms of the disease at 
the places cited in the above letter.— 


GENTLEMEN: 

My compliments to Scanlan for 
submitting, and to you for publishing, 
the report on those symptoms of an 
insidious disease, involving Chorus 
Girls (mea culpa), The Frug, and Sub- 
urbia. I appreciate your sending me 
the advance warning... 

The fact that my effort (which really 
did resemble two Musketeers) was 
published upside-down, whereby it 
even better resembled Chorus Girls, 
highlights the generality and power of 
the imaginative approach to chemical 
formulae. This I applaud. 

Would that all diseases were as 
beneficient—to mens and corpus both— 
as this one. I welcome anything that 
limbers up the imagination. The gentle- 
man in Canada really started something, 
and I am most grateful to him for it. 
It may, indeed, dispel some of the image 
of “grim young scientists” that I have 
heard about.—Charles H. Chandler 
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TO THE MEMBERSHIP: 





BOOKS RECEIVED FOR REVIEW 


Our readers are reminded that this section of their journal is intended 


to be an information service listing first editions of the most important new scientific 
hardbound and paperbound books received for review in our Princeton Editorial Offices. 
Titles are for 1965 publication unless otherwise noted. 








From Academic Press: 


Advances in Lipid Research, Vol. 8, 
edited by R. PaAongTTI & D. Krrr- 
CHEVSKY; 263 pages; $13. 

Advances in Astronomy & Astrophysics, 
Vol. 8, edited by Z. Ko»ar; 391 
pages; $14 

Handbook of Microwave Ferrite Materi- 
als, edited by W. H. von AUuLOocx; 
518 pages; $12. 

Methods & Goals in Human Behavior 
Genetics, edited by S. G. VANDEN- 
BERG; 351 pages; $8.95. 

A Theory of Sets by A. P. Monsz; 130 
pages; $7.95. Vol. 18 of Pure & 
Applied Mathematics Monographs & 
Texts, edited by P. A. SMITH & 
S. EILENBERG. 

Energy Metabolism, edited by K. L. 
BrAxTER; 450 pages; $15. Proceedings 
of Troon, Scotland Symposium, May 
1964. European Assoc. for Animal 
Production Publication No. 11. 

International Review of Connective Tissue 
Research, Vol. 8, edited by D. A 
HALL; 281 pages; $12. 

Geometric Invariant Theory by D. 
Mumrorp; 146 pages; $5.50. 

Plasma Turbulence by B. B. Kopomr- 
SEV; 149 pages; $5.60. 

Mammalian Radiation Lethality, A 
Disturbance in Cellular Kinetics by 
V. P. Bonn, et al.; 340 pages; $9.50. 

The Kjeldahl Method for Organic Nitro- 
gen by R. B. BRADSTREET; 239 pages; 
$9.50. 

Theory of Jets in Ideal Fluids by M. I. 
GuREVICH; 585 pages; $15. Translated 
from the Russian. 

Scintillation Counters in High Energy 
Physics by Yu. K. Aximov; 198 
pages; $9.50. 

Evolving Genes & Proteins, edited by 
V. Bryson & H. J. VoaEv; 629 
pages; $19.50. Symposium of the 
Rutgers State University Institute 
of Microbiology. 

The Control of Fertility by G. Pincus; 
360 pages; $9. 

Lattice Defects in Quenched Metals, 
edited by R. M. J. COTTERILL, et al.; 
807 pages; $22. International Con- 
ference, Argonne National Lab- 
oratory, June 1964. 

Optical Physics by M. Garpuny; 466 
pages; $14.50. 


Fundamentals of Carbanion Chemistry 
by D. J. Cram (Vol. 4 of Organic 
Chemistry, A Series of Monographs 
edited by A. T. Browqursr); 289 
pages; $9.50. 

Boron-Nitrogen Compounds by K. Nir- 
DENZU & J. W. Dawson; 176 pages; 
$6.75. In English. 

Focus on Bacteria by E. KurgNEBERGER- 
Noset; 145 pages; $5.50. 

Solid State Physics, Advances in Re- 
search & Applications, Vol. 17, 
edited by F. Szrrz & D. TURNBULL; 
379 pages; $14. 

Deranged Memory (A  Psychonomic 
Study of the Amnesic Syndrome) by 
G. A. TALLAND; 356 pages; $9.50. 

Selected Papers on Molecular Genetics 
(A Collection of Reprints), intro- 
duced by J. H. Tavron; 649 pages; 
$9, cloth; $5.95 paper. Vol. I of Per- 
spectives in Modern Biology. 

Computers in Biomedical Research, Vol. 
I, edited by R. W. Sracy & B. 
WAXMAN; 562 pages; $20. 

Radiation Dosimetry, edited by F. W. 
Srrzns & G. W. Reep; 308 pages; 
$14; Quantum Electronics & Coherent 
Light, edited by C. H. Townes & 
P. A. MILES; 371 pages; $16. Courses 
30 & 31 Proceedings of “Enrico 
Fermi" International School of Phys- 
ies, Varenna, Italy. . 

Methods of Animal Experimentation, 
Vol. I, edited by W. I. Gay; 382 
pages; $13.50. 

Advances in Heterocyclic Chemistry, 
Vol. IV, edited by A. R. Karrirzxy; 
462 pages; $15. 

Advances in Child Development & Be- 
havior, Vol. II, edited by L. P. 
Liesrrr & C. C. SPIKER; 269 pages; 
$4. 

Analgetics (Chemistry & Pharmacology), 
Vol. V of Medicinal Chemistry 
Monograph Series, edited by G. 
DzsrEVENS; 475 pages; $17. 

Mechanisms of Hormone Action, edited 
by P. KanrsoN; 275 pages; no price 
given. A NATO Advanced Study In- 
stitute. 

Methods of Matriz Algebra by M. C. 
Pzass, III, Vol. 16 of Mathematics 
in Science & Engineering, edited by 
R. BELLMAN; 406 pages; $13.75. 
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Light: Physical and Biological Action 
by H. H. Setresr & W. D. McErnov; 
417 pages; $12. 

The Amino Sugars, the Chemistry & 
Biology of Compounds Containing 
Amino Sugars, Vol. II-A, edited by 
E. A. Bauazs & R. W. JEANLOZ; 
591 pages; $22 (subscription price 
$19.50). 

Advances in Theoretical Physics, edited 
by K. A. Bruscxner, Vol. 1; 323 
pages; $12. 

Advances in Atomic & Molecular Physics, 
edited by D. R. Bares & I. ESTER- 
MANN; Vol. 1; 408 pages; $13.50. 

The Theory of Inbreeding by Sır RONALD 
A. Fisumr, 150 pages; $6. 

Cells and Tissues in Culture, Methods 
Biology & Physiology, edited by E. N. 
WILLMER; Vol. 1, 788 pages, $25; 
Vol. 2, 809 pages, $25. 

Metabolism of Steroid Hormones by 
R. I. Dorrman & F. Unear; 716 
pages; $32. 

The Theory of Electron-Atom Collisions 
by G. F. DRguxAxEV; 161 pages; $6.50. 

Encyclopedia of Chemical Technology, 
Vol. 6, 2nd revised edition, KIRK- 
OTHMER; (Complexing Agents to 
Dextrose & Starch Syrups), 932 
pages; $45 single copy. 

Symmetries in Elementary Particle Phys- 
ics, edited by A. Zicuicur; 1964 
International School of Physics ''Et- 
tore Majorana"; 429 pages; $12, 
cloth; $7.95, paper. 

Applied Optics & Optical Engineering, 
A Comprehensive Treatise, edited 
by R. KiNGSLAXE, Vol. II; 390 pages; 
$15. 

Recent Progress in Photobiology, edited 
by E. J. Bowen; 400 pages; $12; 
Proceedings of an International Con- 
gress held at Oxford; 1964. 

Lignin Biochemistry by W. J. SCHUBERT; 
131 pages; $8. 

Behavior of Nonhuman Primates by 
A? M. Scurinr, et al.; Vol. 1, 318 
pages, $9; Vol. 2, 342 pages, $9.50. 

The Physiology of the Insect Central 
Nervous System, edited by J. E. 
ÜTREHERNE & J. W. L. BEAMENT; 
277 pages; $10. 

Applied Geochronology by E. I. 
HAMILTON; 267 pages; $10. 

Biochemistry of Quinones, edited by R. A. 
Morron; 585 pages; $18. 

Theory of Optimum Aerodynamic Shapes: 
Extremal Problems in the "Aerody- 
namics of Supersonic, Hypersonic & 
Free-Molecular Flows, edited’ by A. 
NiELE; Vol. 9, Applied Mathematics 
& Mechanics; 455 pages; $16.50. 

Chemical Oceanography, edited by J. P. 
Rer & G. Sxrrrow; Vol. 1; 712 
pages; $25. 

Nonlinear Partial Differential Equations 
in Engineering by W. F. AMES; 
Vol. 18, Mathematics in Science & 
Engineering; 511 pages; $16. 
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Pajired-Associates Learning: The Role of 
Meaningfulness, Similarity, and Fa- 
miliarization by A. E. Goss & C. F. 
NopiNE; 358 pages; $13.50. 

The Peptides Vol. I: Methods of Pep- 
tide Synthesis by E. SCHRODER & 
K. LuBxE; 481 pages; $20. 

Advances in Geophysics, Vol. XI, edited 
by H. E. LANDSBERG & J. Van 
MiEgGHEM; 349 pages; $14. 


From Addison-Wesley Publishing Co., 
Inc.: 


Development of Concepts of Physics 
by A. B. Arons; 972 pages; $14.75. 
Atomic & Space Physics by A. E. S. 
GREEN. & P. J. Wyatt; 619 pages; 

$18.75. 


From Aldine Publishing Co.: 


Women’s Prison: Sex & Social Struc- 
ture by D. A. Warp & G. G. Kasse- 
BAUM; 269 pages; $7.50. 

Negroes in Cities; Residential Segrega- 
tton & Neighborhood Change by K. E. 
& A. F. TAEUSER; 284 pages; $9.75. 

Problems of Youth: Transition to 
Adulthood in a Changing World, 
edited by M. Surrir & C. W. SHERIF; . 
336 pages; $8.95. 

Social Change in Israel by J. MATRAS; 
211 pages; $6.95. 

A Dictionary of Geography by E. J. 
MonxuoUsE; 344 pages; $7.95. 

Population in History (Essays in His- 
torical Demography), edited by D. V. 
Grass & D. E. C. EvzensLEY; 692 
pages; $17.50. 


From American Elsevier Publishing Co. 
and Elsevier Publishing Co. : 


The Planet Uranus (A History of Ob- 
servation, Theory & Discovery) by 
A. F. O'D. ALEXANDER; 316 pages; 
$12.75. 

A Concise Encyclopedia of Metallurgy 
by A. D. Merriman; 1178 pages; 


$7.50. 

Satellites of the Solar System by W. 
SANDNER; 151 pages; $6.50. 

Ultrastructural Plant Cytology by A. 
Frey-Wyss.ine & K. MuHLETHALER; 
377 pages; $24. 

Stationary Phase in Paper & Thin- 
Layer Chromatography, edited by 
K. Macer & I. M. Hats; 358 pages; 
$16. 

Toxicity & Metabolism of Industrial 
Solvents by E. BROWNING; 739 pages; 
$32.50. f 

` Neutron Radiography (Methods, Capa- 
bilities & Applications) by H. BERGER; 
146 pages; $9. 

The Art of Research (A Guide for the 
Graduate) by B. E. NOLTINGK; 
142 pages; $5.75. 

Radiochemical Survey of the Elements 
by M. Harssınsky & J.-P. ADLOFF; 
177 pages; $12.  ' 


LIVESTOCK » ANIMAL FEED 
GAMS- e PLASTICS 









ABEAM 150 


CERAMICS 
MEDICAL SUPPLIES "I 
* OILS _& GREASES 


LOW COST ^ .. 
IRRADIATION FACILITY 


for research and batch processing 


The 150, already installed by Universities and Industrial 
Laboratories in North America and Europe, has proved its 
adaptability as a research irradiator in the many fields where 
experimental irradiations for larger quantities or bulky prod- 
ucts are desirable. 

These installations are establishing the techniques of future 
Industrial Processing. . T 

Add this new dimension — "Irradiation Volume” — to your 
research facilities. Our Consulting Services are available. 


ATOMIC ENERGY OF CANADA LIMITED 


Commercial Products * P.O, Box 93 » Ottawa * Canodo 

















6507 


Comprehensive Biochemistry, edited by 

FLORKIN & E. H. Srorz; 323 

` pages; $17. Vol. 6: Lipids & Amino 
Acids & Related Compounds. 

Exotic Diseases in Practice by B. MAr- 
GRAITH; 361 pages; $9.50. Organiza- 
hon for Protein Biosynthesis by A. 
WISEMAN; 217 pages; $8. 

The Penicillin Group of Drugs by G. T. 
STEWART; 212 pages; $10. 

Nobel Lectures in Physiology or Medicine, 
Vol. IT; 1922-41, by the Nobel Foun- 

* — dation; 3 vol. set; $85. 

Cheese by J. G. Davis; Vol. 1, Basic 
Technology, 463 pages, $15; Vol. 
2, Annotated Bibliography with Subject 
Index, 275 pages; $13. 

Serotonin by S. Gararrint & L. 
VALZELLI; 392 pages; $25. 

Identification of Mineral Grains by 
M. P. Joneses & M. G. Fuemine; 102 
pages; no price given. 


From Basic Books, Inc. : 


Science in the Nineteenth Century, Vol. 
III of A History of Science, edited 
by René Taron, transl. by A. J. 
Pomerans; 623 pages; $17.50. 

The New Intelligent Man’s Guide to 
Science by I. Astmov; 864 pages; 
$12.50. 


From W. A. Benjamin, Inc.: 


Bioenergetics by A. L. LEHNINGER; 
258 pages; cloth $6; paper $2.95. 

Periodic Correlations by R. Rricn; 
159 pages; cloth $8; paper $3.95. 

Solid-State Chemistry of Binary Metal 
Hydrides by G. G. Lisowrrz; 139 
pages; $7.50. 

Mathematics for Introductory Science 
Courses: Calculus & Vectors by D. A. 
GREENBERG; 213 pages; cloth $5; 
paper $2.45. 

Oxygen by M. Arpon; 106 pages; 

6.73. 


Molecular Biology of the Gene by J. D. 
Watson; 494 pages; cloth $10; paper 
$5.95. 

Quantum Mechanics in Chemistry by 
M. W. Hanna; 253 pages; $7 cloth; 
$3.95 paper. 

Organic Reaction Mechanisms by R. 
Breslow; 232 pages; $7 cloth; 
$3.95 paper. 

From My Life (The Memoirs of RICHARD 
WILLSTATTER), translated from the 
German by L. S. Hornra; 461 pages; 
no price given. 


From Consultants Bureau Enterprises, 
including Plenum Press: 


Review of Plasma Physics, Vol. I, 
edited by M. A. Lrownrovicu; 326 
pages; $12.50. 

The Pathology of Thinking by B. V. 
ZBIGARNIK; 211 pages; $12.50. Inter- 
national Behavioral Sciences Series. 


446A 


The Use of Surfactants in the Petroleum 
Industry, edited by P. A. REBINDER; 
346 pages; $45 paper. 

Advances in Cryogenic Engineering, Vol. 
10, Part I—Sections A-L; Part Il— 
Sections M-U, edited by K. D. 
TimmerHaus; 940 pages total; $17.50 
per vol Proceedings of 1964 Con- 
ference, August, Philadelphia, Pa. 

Acoustic Coagulation & Precipitation 
of Aerosols by E. P. Mepnrxov; 
180 pages; $25 paper. 

Optical Methods of Investigating Solid 
Bodies, edited by D. V. Skobszr- 
Tsyn; 188 pages; $22.50 paper. 

Cosmic Rays, Vol. 26, edited by D. V. 
SxonEL'rsYN; 254 pages; $27.50. 
Proceedings (Trudy) of the P. N. 
Lebedev Physics Institute. 

Developments in Applied Spectroscopy, 
Vol. 4, Proceedings of the 15th Annual 
Mid-America Spectroscopy Sympo- 
sium, edited by E. N. Davis; 546 
pages; $18.50. 

Advances in Electronic Circuit Packaging, 
Vol. 5, edited by L. Rosine; 297 
pages; $15. Proceedings of the 1964 
Electronic Circuit Packaging Sym- 
posium. 

Advances in X-Ray Analysis, Vol. 8, 
edited by W. M. MEULLER, et al; 
472 pages; $20. Proceedings of the 
13th Annual Conference on Applica- 
tions of X-Ray Analysis. 

Nuclear Magnetic Resonance in a Flow- 
ing Liquid by A. Y. ZHERNOVOIL & 
G. D. LarysgEv; 166 pages; $22.50 


paper. 

Probability Tables for Locating Bl- 
liptical Underground Masses with a 
Rectangular Grid, by I. D. Savin- 
SKII; 110 pages; $15. 

Digital Computer Applications to Process 
Control, edited by W. E. MILLER; 
503 pages; $17.50. Proceedings of 
IFAC/IFIP 1st International Con- 
ference held in Stockholm. 

Space Physics with Artificial Satellites 
by Ya: L. AVPERT, et al.,'translated 
from the Russian by H. H. Nickrs; 
240 pages; $25. 

Lectures on Gas Chromatography—1964: 
Agricultural & Biological Applica- 
tions, edited by L. R. Marricx & 
H. A. SZYMANSKI; 256 pages; $12.50. 

Gases in (Cast Metals, edited by B. B. 
GuLyabv; 257 pages; paper, $27.50. 

Structure of Aqueous Electrolyte Solu- 
tions and the Hydration of Ions, by 
O. Y. Samornov; trans. by D. J. G 
Ives; 185 pages; paper, $15. 

Distribution Functions of the Element & 
Mineral Contents of Igneous Rocks, 
D. A. RopioNov; 80 pages; paper, 
$17.50. 

Applied Capillary Microscopy: The Role 
of Microorganism in the Formation of 
Iron-Manganese Deposits by B 
PERFILEV, et al; 122 pages; paper, 
$22.50, 





WHY A 100 VOLT SOLID STATE ANALOG COMPUTER WITH A FULL 
50 MA OUTPUT? WE CAN TELL YOU WHY—IN TWO WORDS: 
SPEED AND ACCURACY! with its full 100 volt computing range, the 
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scientific computer without the attendant require- 
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to make it.a working tool. Notice the simplified 
console layout and the finger tip-control of the 
operating panel; the fully illuminated blocked in 
numerals of the amplifier overload lights; the 
accessibility of computing: components; and the 
; full desk—console styling (wheel it, why lift it?) 
But that’s not all—what you can't see is the fail 
safe operation of the removable patch panel—no danger of component damage 
through wiring errors. The Ci-150 is compatible with existing 100 volt equipment, 
expandable to 75 amplifiers and utilizes field proven hybrid computer components. 
And the price is right. $11,000 to $60,000. 
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used to help solve your problem? Write for complete technical information and 
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Ultrasonics in the Chemcial Industry 
by V. A. Nosov, Soviet Progress in 
- Applied Ultrasonics, Vol. 2; 164 
pages; paper, $25. 

Stable Radicals by A. L. BUCHACHENKO; 
180 pages; $15. 

Plant Indicators of Soils, Bec and 
Subsurface Waters, edited by A. G. 
CuHIKIsHEV; 209 pages; $27.50. 

Handbk. of Ultraviolet ‘Methods by R. 
G. WnurrE; 365 pages; $17.50. 

Polypropylene Fibers & Films by A. V. 

* Gatantr & C. L. MANTELL; 179 
pages; $12.50. 

Nuclear Structure & Electromagnetic 
Interactions, edited by N. Mac- 
DoNar»; 510 pages; $22.50. 

Biological Aspects of Social Problems, 
edited by J. E. Means & A. S. 
Parkes; 226 pages; $9.75. 

Gas Chromatography of Steroids in 
Biological Fluids, edited by M. B. 
Lipserr; 315 pages; $12.50. Proceed- 
ings of the War renton, Va., Workshop, 
February 1965. 


From Doubleday & Company, Inc.: 


Give and Take: The Biology of Tissue 
and Transplantation by F. D. MOORE; 
216 pages; $1.25, paper. 

The Living Organism; Vol. I, Ency- 
clopedia of the Life Sciences; 160 
pages; illustrated; $9.95. 

The Animal World; Vol. 2, Encyclopedia 
of the Life Sciences; 160 pages; 
illustrated; $9.95. 

Stonehenge Decoded by G. S. HAWKINS 
with J. B. Warre; 202 pages; $5.95. 


From W. H. Freeman & Co.: 


Experimental Microbial Physiology by 
H. C. LicgsrEiN & E. L. OGSINSKY; 
145 pages; $3.75 paperbound manual; 
$0.20 individual experiments. 

Photography for Scientific Publication: 
A Handbook by A. A. BLAKER; 158 
pages; $8. 

Dictionary of pi-Electron Calculations 
by C. A. CoursoN & A. STREIT- 
WIESER, JR.; 358 pages; $15. 

The Living Cell (Readings from Scien- 
tific American), introduction by D. 
KuewNzpv; 298 pages; $10 cloth; 
$4.95 paper. 


From Ginn & Co. (Blaisdell Publishing Co. 
unless otherwise noted): 

Biological Effects of Radiations by D. S. 
Gnoscu; 293 pages; $3.50 paper. 

Electronic Analog Computer Primer by 
J. E. Srce & B. S. Swanson; 161 
pages; $2.75 paper. 

Concepts & Models of Inorganic Chemis- 
try by B. E. Doveras & D. H. 
McDaniet; 511 pages; $10.50. 

Elements of the Theory of Nonlinear 
Oscillations by N. V. BUTENIN; 
226 pages; $7.50. 

Chemistry by E. R. Hanpwick; 303 
pages; no price given. 
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An Introduction to Mathematical Statistics 
by H. D. Brunx; 427 pages; $8.50. 

Electromechanical Energi y Conversion by 
C. R. CHAPMAN; 250 pages; $8.50. 


From Gordon & Breach: 


The Dynamics of Conduction Electrons 

Preparp; 150 pages; $4.95 

ben A 95 paper. Documents on 
Modern Physics series. 

Energetics in Metallurgical Phenomena, 
Vol. 1, edited by W. M. MUELLER; 
425 pages; $19.50 cloth; $9.50 paper. 
Proceedings of the 1962 Seminar on 
Energetics in Metallurgical Phe- 
nomena., 

An Ailas of Models of Crystal Surfaces 
by J. F. Nicnouas; 229 pages, il- 
lustrated ; $27.50. 

Introduction. to Space Science, edited by 
W. N. Hess; 919 pages; $10 pro- 
fessional edition; $29.75 reference 
edition. 

The Sorby Centennial Symposium on the 
History of Metallurgy, edited by C. 


S. SurrH; 558 pages; $12.50 pro- 
fessional edition; $29, reference 
edition. 


From Harper & Row: 


Modern Hydrology y R. G. KAzMANN; 
301 pages; $10.5 

Introductory eek Theory by A. G. 
: & K. N. Srevens; 357 pages; 
9.75. 


Some Aspects of Crystal Field Theory by 
T. M. Dunn, et al; 115 pages; 
cloth $6, paper $3.95. 

The Effects of Inbreeding on Japanese 
Children by W. J. ScHurL & J. V. 
NEEL; 419 pages; $15. 

The Natural History of Mosquitoes by 
M. Bares; 378 pages; $2.45 paper; 
Harper Torchbooks. 

The Fabric of the Heavens: The Develop- 
meni of Astronomy & Dynamics by 
S. TournwiN & J. GoopEELD; 285 
pages; $1.95 paper; Harper Torch- 
books. 

Solutions, Minerals, & Equilibria by 
R. M. Garrets & C CHRIST; 
450 pages; no price given. 

Introduction to Algebra by D. J. Lewis; 
317 pages; $8.50. 

Readings in the Study of Visually 
Perceived Movement, edited by I. M. 
SPIGEL; 347 pages; $6.95. 

Galaxies, Nuclei, & Quasars by EF. 
Hoye; 160 pages; $3. 


From The Macmillan Co. (Pergamon 

Press unless otherwise noted): 

Elementary Mathematics for Scientists & 
Engineers by M. D. Harron; 398 
pages; $3 paper. 

Numerical Analysis by I. M. Kuanaza; 
242 pages; $3.50 paper. 

Linear Elastic Theory of Thin Shells 
by J. E. Geson; 182 pages; $3 
paper. 


Analog 
Simulation 
in Scientific 
Education 


Write for your free copy of this vital report 


Important new information on the varied uses of 
analog computation in scientific education is now 
available to all faculty members. This report tells 
why and how over 500 educational institutions are 
successfully employing analog computers in educa- 
tion and research programs. 

Included in the report is a section describing actual 
applications in engineering and science depart- 
ments, with comments by leading educators, de- 


scriptive notes on analog computer fundamentals 
and informative literature on the characteristics of 
computers particularly applicable to research, class- 
room instruction, and student laboratory use. Write 
for your free copy of this report today. 


. 
a a M 
EA ELECTRONIC ASSOCIATES, INC., West Long Bran 


h, New Jersey 
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Introduction to Linear Algebra by M. 
Marcus & H. Minc; 261 pages; 

* $7.95, Macmillan. 

Stochastic Processes, Basic Theory and 
Its Applications by N. U. PRABHU; 
233 pages; $7.95; Macmillan. 

Digital Computer Programs for Physical 
Chemistry, Vol. II, by P. A. D. pE- 
Maine & R. D. SEAWRIGHT; 493 
pages; $19.95. 

Signal Flow Analysis by J. R. ABRA- 
HAMS & G. P. CovERLEY; 158 pages; 
$2.50 (approximate), paper. 

The Art of Algebra by R. Norrn; 214 
pages; $2.50 (approximate), paper. 

Early Seventeenth Century Scientists, 
edited by R. Harre; 188 pages; 
$3.50 (approximate), paper. 

Drug Presentation & Prescribing by 
W. R. L. Brown & J. W. HADGRAFT; 
118 pages; $2.50 (approximate), paper. 

A Theatre of Machines by A. G. KELLER; 
115 pages; $6. 

Aspects of Scientific Explanation & 
Other Essays in the Philosophy of 
Science by C. G. HEgMPEL; 505 pages; 
$12.50; Free Press. 

Recovery, Recrystallization, & Grain 
Growth by J. G. Byrne; 178 pages; 
$6.95 cloth, $3.95 paper; Macmillan. 

Biophysics and Cybernetic Systems, Pro- 
ceedings of the Second Cybernetic 
Sciences Symposium, edited by M. 
MAXFIELD, et al.; 184 pages; $5.75, 
Spartan Books. 

An Orientation to Chronic Disease & 
Disability by J. S. Myers; 486 pages; 
$8.95. 

Neighbors of the Earth (Planets, Comets, 
and the Debris of Space), edited by 
T. Pace & L. W. Page; 336 pages; 
$7.95. Vol. 2 Shy & Telescope Library 
of Astronomy. 

Recent Advances in Selenium Physics, 
edited by EUROPEAN  SELENIUM- 
TELLURIUM CowMrTTEE; 160 pages; 
$15. London Symposium, June 1964. 

Current Aspects of Exobiology by G. 
MaMIKUNIAN & M. H. Briaas; 
420 pages; $17. 


From McGraw-Hill Book Co. : 


Improving the Effectiveness of Research & 
Development by R. E. SEILER; 210 
pages; $10. 

Finite Graphs & Networks: An Intro- 
duction with Applications by R. G. 
BusackER & T. L. Saary; 294 pages; 
$11.50. 

Engineering Magnetohydrodynamics by 
G. W. SurroN & A. SHERMAN; 548 
pages; $19.75. 

Men & Snakes by R. & D. Morris; 
224 pages; $6.95. 

Experimental Reactor Analysis & Radia- 
tion Measurements by D. D. GLOWER; 
348 pages; $13.50. 

Use of Computers in Biology & Medicine 
by R. S. Lepiey ; 965 pages; $29.50. 
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An Inquiry into Enoughness: Of Bombs & 
Men & Staying Alive by D. LANG; 
217 pages; $5.50. 

Microscopic Identification of Minerals 
by E. W. HmziNRICH; 414 pages; 
$10.50. 

Introduction to the Atmosphere by H. 
RigHL; 365 pages; $8.95. 

Principles of Radiation Protection Engi- 
neering (Translation of Jaeger’s Prin- 
ciples of Radiation Protection, 1960) 
by L. DnESNER; 451 pages; $15. 

Modern Control Systems Theory, edited 
by C. T. LeonpEs; 486 pages; 
$17.50. 

The Moon—A Fundamental Survey 
by R. B. BarpwiN; 149 pages; $4.95. 

Constitution of Binary Alloys, 1st 
Supplement by R. P. Exiiorr; 877 
pages; $35. 


From Penguin Books Inc. : 


The Divided Self by R. D. LAING; 218 
pages; $0.95 paper. 

Electronic Computers by S. H. HoLLING- 
DALE & G. C. ToorrLL; 336 pages; 
$1.65 paper. 

The Scientific Analysis of Personality 
by R. B. CarrELL; 399 pages; $1.65 
paper. 


From Prentice-Hall : 


Physics of the Earth's Upper Atmosphere, 
edited by C. O. Hines, et al.; 434 
pages; $17.35. 

Fortran IV Programming & Computing 
by J. T. GoLpEN; 270 pages; $6. 

The New Utopians, A Study of System 
Design & Social Change by R. 
BoausraAw; 213 pages; $6.35. 

Atoms, Molecules & Chemical Change 
by R. H. Jonnsen & E. GRUNWALD; 
353 pages; $7.50. 

Lectures on Particles and Field Theory, 
Vol. 2, Brandeis Summer Institute in 
Theoretical Physics, by K. Jounson, 
et al., 485 pages; $5. 

Theory of Functions of a Complex 
Variable, Vols. I & II by A. I. MARK- 
USHEVICH; 792 pages; $16 each. 
Translated from the Russian by R. A. 
SILVERMAN. 

Biological Science: Interaction of Experi- 
ments & Ideas; Biological Sciences 
Curriculum Study, 429 pages; Teach- 
er’s Edition, 461 pages. 

Electromagnetic Theory for Engineers & 
Scientists by A. NUSSBAUM; 312 pages; 
$14. 

The Great American Forest by R. PLATT; 
271 pages; $6.95. 

Readings in Ecology, edited by E. J. 
Kormonpy; 219 pages; $3.95 paper. 


From Reinhold Publishing Corporation: 


Principles of Chemical Equilibrium by 
K. B. Morris; 114 pages; $1.95 paper. 

Chemical Energy by L. E. STRONG & 
W. J. Srrarron; 115 pages; $1.95 
paper. 


Thermodynamics of Multicomponent Sys- 
tems, by B. H. Sace; 366 pages; 
$18.50. 

The Gene Concept by N. Paris; 116 
pages; $1.95 paper; Selected Topics 
in Modern Biology. 

Physical Methods in Inorganic Chemistry 
by R. S. Drago; 430 pages; $14.50. 


From Time, Incorporated : 
Flight by H. G. Srever, J. J. Hac- 


GERTY & THE Eprrors or Life; 
200 pages; $3.95; Vol 12, Life 


Science Library. 

A Guide to the Natural World (and 
Index to the Life Nature Library) by 
the editors of Life); 210 pages; no 
price given. 

Growth by J. M. Tanner, G. R. TAYLOR 
& rae Eprrors or Life; 200 pages; 
$3.95; Vol. 13, Life Science Library. 


From University Presses : 


From The Antioch Press: 


Non-Heme Iron Proteins: Role in Energy 
Conversion, edited by A. SAN PIETRO; 
473 pages; $12.50. 


From The University of Arizona Press: 


Communications of the Lunar & Plane- 
tary Laboratory, Vol. 3, No. 41-49; 
60 pages; $5 paper; No. 50; 153 
pages; $9 paper; G. P. KUIPER 
Laboratory Director. 


From Cambridge University Press: 


New Foundations of Quantum Mechanics 
by A. LANDE; 171 pages; $7.50. 


From The University of Chicago Press: 

Aging & Levels of Biological Organiza- 
tion, edited by A. M. Bruers & G. A. 
SACHER; 353 pages; $5. 

Isotopes in Experimental Pharmacology, 
edited by L. J. Rorn; 488 pages; 
$12.50. 

The Parathyroid Gland: Ultrastructure, 
Secretion & Function, edited by P. J. 
GAILLARD, et al.; 353 pages; $15. 

Stellar Structure, edited by L. H. ALLER 
& D. B. McLauanuiN; Vol. VIII of 
Stars and Stellar Systems; 648 pages; 
$17.50. 

Hysteria: The History of a Disease by 1. 
Verra; 301 pages; $7.95. 


From Cornell University Press : 


Handbk. of Waterfowl Behavior by P. 
A. JOHNSGARD; 378 pages; $10. 


From Harvard University Press: 


The Scientific Estates by D. K. PRICE; 
323 pages; $5.95; The Belknap 
Press. 

Biogeography of the Southern End of 
the World by P. J. DARLINGTON, JR.; 
236 pages; $5.95. 


Studies on the Piriform Lobe by F. 
VALVERDE; 131 pages; $7.50. k 
An Essay on the Causes of the Variety of 
Complexion & Figure in the Human 
Species by S. S. Smiru; edited by 
W. D. Jorpan; 285 pages; $5.95; 

The Belknap Press. 


From University of Illinois Press : 
Ultrasonic Energy: Biological Investiga- 
tions & Medical Applications, edited 
by E. KELLY; 387 pages; $12.50. 


From The M.I.T. Press: 

Scientists as Writers, edited by J. 
Harrison; 206 pages; $1.95 paper. 

Mechanics, Molecular Physics, Heat & 
Sound by R. A. MILurkan, et al.; 
498 pages; $3.45 paper. 

The Nature of Metals by B. A. RocEns; 
324 pages; $2.45 paper. 

What Science Knows about Life; An 
Exploration of Life Sources from 
Primeval Slime to Man Tomorrow 
by H. WoLTERECK; 240 pages; $2.45 
paper. 

Enzymes by J. B. S. HALDANE; 235 
pages; $2.45 paper. 

Women & the Scientific Professions, 
edited by J. Matrrerp & C. E. 
VAN AKEN; 272 pages; $6.95. 

Threshold Logic: A Synthesis Approach 
by M. L. Derrouzos; 256 pages; 
$6. Research Monograph No. 32. 


From The University of Michigan Press: 


Prisoner's Dilemma by A. RAPOPORT & 
A. M. CuamMau; 258 pages; $7.50. 


From The Michigan State University 
Museum; East Lansing: 

A Review of the Genus Cicadulina 
(Hemiptera, Cicadellidae) by R. F. 
RurrEL; 42 pages; paper; available 
on request. 


From University of Minnesota Press: 
Balsam Fir, A  Monographic Review 
by E. V. Baknuzis & H. L. HANSEN; 
445 pages; $9.50. 


From The University of N. Carolina Press : 


Science & Ethical Values by B. Grass; 
101 pages; $4. 


From The University of Oklahoma Press: 
Surgery & Ambroise Paré by J. F. 
MarGaIGNE; translated from the 
French and edited by W. B. Hamsy; 
435 pages; $10. 
Ritual of the Bacabs, translated & 
edited by R. L. Rovs; 193 pages; 
$5.95. 


From Oxford University Press: 


Puzzles & Paradores by T. H. O- 
BEIRNE; 238 pages; $6.50. 

Nuclear Interactions of the Hyperons 
by R. H. Daurrz; 106 pages; $5.05 
paper. 
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The Molecular Biology of Development 
by J. Bonner; 155 pages; $3.50. 

“The Mystery of Matter (Prepared by 
American FOUNDATION For Con- 
TINUING Epucarion ), edited by L. B. 
Youna; 712 pages; $10. 


From The Pennsylvania State University 
Press: 
Underwater Acoustics Handbook—11 by 
V. M. ALBERS; 356 pages; $12.50. 
Gnomes of the Night (The Spadefoot 
Toads) by A. N. Bnaac; 127 pages; 
$4.50. 


From Princeton University Press: 

The Quaternary of the United States, 
edited by H. E. Wricut, JR., & 
D. G. Frey; 922 pages; $25; A 
Review Volume for the VII Congress 
of the International Association for 
Quaternary Research. 

Size and Cycle (An Essay on the Struc- 
ture of Biology) by J. T. BONNER; 
219 pages; $7.50. 

Seminar on the Aliyah-Singer Index 
Theorem by R. S. Parais, et al.; 
366 pages; $7.50 paper. 


From Rutgers College of Engineering : 
Stability Analyses of Soil-Foundation 
Systems by A. R. Jumikis, Engineer- 
ing Research Publication No. 44; 
55 pages; $5. 
Single and Multi-Component Flow Proc- 
esses, edited by R. L. PESKIN & 
C. F. Cuen, Engineering Research 
Publication No. 45; 127 pages; $3. 


From Southern Illinois University Press: 
The Giant Canada Goose by H. C. 
Hanson; 226 pages; $9.75. 
From Stanford University Press: 


Mammals of the Pacific States: California, 
Oregon, Washington by L. G. INGLES; 


506 pages; over 500 illustrations; 
$16. 

From The University of Washington 
Press: 


Black Brant: Sea Goose of the Pacific 
Coast by A. S. EINARSEN; 142 pages; 
$5. 

Pictorial Anatomy of the Frog by 8. G. 
GILBERT; 63 pages; $2.50 paper. 

South: Man & Nature in Antarctica by 
G. BirnriNG; illustrations by G. 
MANNERING; 86 pages of text; 
207 illustrations. 

The Challenge of Science by G. Boas; 
92 pages; $2.95. 


From Yale University Press: 

Scales & Weights: A Historical Oul- 
line by B. Kiscu; 297 pages; $15. 

The Vinland Map & The Tartar Re- 
lation by R. A. SKELTON, et al.; 
291 pages; $15. 

E Adapting by R. Dusos; 528 pages; 

0. 
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From D. Van Nostrand Co.: 


Chemistry in the Soviet Union by J. 
Turkevicu; 566 pages; $12. 

Practical Clinical Enzymology by J. 
KING; 363 pages; $12.50. 


From John Wiley & Sons (Interscience 
unless otherwise noted ): 


Industrial Isotope Techniques by L. G. 
SIM ALL, et al.; 338 pages; $19.50; 

Oxidation-Reduction Polymers (Redox 
Polymers) by H. G. Casstpy & 
K. A. Kun ; 307 pages; $12.50. 

Stellar & Solar Magnetic Fields, edited 
by R. Lust; 460 pages; $17.50. 

Physics of High Pressures & the Con- 
densed Phase, edited by A. VAN 
IrrERBEEK ; 598 pages; $22.50. 

A Treatise on Analytical Dynamics by 
L. A. Pars; 641 pages; $27.50. 

Life Sciences & Space Research, edited 
by M. Frorxin; Vol. III, Session 
of the 5th International Space 
Science Symposium, Florence, 12-16 
May 1964; 258 pages; $8.25. 

Physics of Non-Crystalline Solids, edited 
by J. A. Prins; Proceedings of the 
International Conference, Delft, July 
1964; 668 pages; $27.50. 

Vitamin By by E. L. SwrrH, 180 
pages; Methuen's Monographs on 
Biochemical Subjects; N.Y.; Wiley & 
Sons; London:Methuen & Co. Ltd.; 
25s in U. K. only. 

The Application of Wave Mechanical 
Methods to the Study of Molecular 


Properties, Vol. III, Advances in 
Chemical Physics, edited by R. 
DavpEL; 188 pages; $9.25. 


Fundamentals of Geography by E. B. 
Suaw; 414 pages; no price given; 
Wiley. 

Mining, Minerals & Geosciences by S. R. 
Karran; Vol. 2, Guides to Infor- 
mation Sources in Science & Tech- 
nology; 599 pages; $12.50. 

Sulfonation & Related Reactions by 
E. E. GILBERT; 529 pages; $16.50. 

Methods of Biochemical Analysis, Vol. 
13, edited by D. Guick; 488 pages; 
$14.50. 

Advances in Enzymology, 
edited by F. F. Norp; 
$17.50. 

Preparative Inorganic Reactions, Vol. 2, 
edited by W. L. JoLLY; 378 pages; 
$14.50. 

Human Factors Evaluation in System 
Development by D. MxrsrER & G. F. 
RaBIDEAU; 307 pages; $9.95; Wiley. 

Ultraviolet Radiation by L. R. KOLLER; 
2nd revised edition; 312 pages; $12; 
Wiley. 

Plasma Physics by J. L. 
266 pages; $7.75; Wiley. 

Stress Analysis by O. C. ZIENKIEWICZ & 
G. S. HorisrER; 469 pages; $15.50; 
Wiley. 
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634 pages; 
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Doppler radar and special weather balloons are being 
used by Cornell Aeronautical Laboratory in a program 
to develop more accurate wind velocity observations. 


Monitored and sponsored by NASA's Marshall Space 
Flight Center, the project's goals are to select improved 
balloons for wind tracing and to gain an understanding 
of how their aerodynamic characteristics influence 
their performance as wind tracers. Of various balloons 
being released by CAL meteorologists, a radically dif- 
ferent one (shown above) is 614 feet in diameter and 
resembles a hedgehog. Its finger-shaped spikelets are 
intended to give greater stability during flight. 


CAL's challenging range of applied physics research 
extends far beyond this weather balloon study — to 
experimental programs in radio astronomy, propagation 
influences on high-resolution radar performance, and 
investigations of atmospheric phenomena with Doppler 
and other specialized radars. Optical and r-f pho- 
tometry, theoretical and experimental studies of the 
radar characteristics of various objects, including 
wakes of re-entry bodies, study of the interaction of 
electromagnetic energy with ionized gases, and lunar 
mapping are other facets of applied physics here. 


In an environment of modern equipment and tech- 
niques, the Laboratory's highly skilled 500-man tech- 





nical staff continues at the forefront of many other 
areas, such as flight research, avionics, aerospace 
vehicle research, low-speed aerodynamics, hypersonics, 
operations and systems research, applied mechanics, 
and transportation research. 


If your experience qualifies you to join this indepen- 
dent community of science, mail the coupon for an 
interesting briefing. Positions are available in both 
Buffalo and Washington. 


Gy CORNELL AERONAUTICAL 
LABORATORY, INC. 
OF CORNELL UNIVERSITY 


| o 


prospectus, ''A Community of Science," and an 
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J. A. Rentschler WB | 

| CORNELL AERONAUTICAL LABORATORY, INC. | 
Buffalo, New York 14221 | 
Please send me a copy of your factual, illustrated | 
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application blank. 


[] i'm not interested in investigating job opportunities l 
now, but | would like to see your latest ‘‘Report on 
Research at CAL.” 


l 
l 
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l | 
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Distillation, edited by E. S. Perry & 
A. WEISSBERGER; Technique of Or- 
ganic Chemistry, Vol. IV; 2nd re- 
vised ed; 838 pages; $24. 

High-Strength Materials, edited by V. F. 
ZACKAY; 879 pages; $22; Proceedings 
of the 2nd Berkeley International 
Materials Conference; Wiley. 

Systems Engineering Tools by H. 
CHESTNUT; 646 pages; $12.95; Wiley. 

Telemetry Systems by L. E. FOSTER; 
308 pages; $12.75; Wiley. 

The Chemistry of the Vitamins by S. F. 
Dyxe, Vol. VI; 363 pages; $10. 

Electromechanical Control Systems & 
Devices by E. B. CANFIELD; 328 
pages; $13.50; Wiley. 

Image Furnace Techniques by T. S. 
Laszro, Vol. V of Technique of In- 
organic Chemistry edited by H. B. 
JONASSEN & A. WEISSBERGER; 195 
pages; $12. 

Global Impacts of Applied Microbiology, 
edited by M. P. STARR; 572 pages; 
$15; Proceedings of a Coordination 
Conference, Stockholm, 1963; Wiley. 

Automatic Control of Aircraft & Missiles, 
J. H. Buaxe tock; 348 pages; $15.75; 
Wiley. 

Methods of Orbit Determination, by 
P. R. EscoBar; 463 pages; $17.50; 
Wiley. 

Streplomyces Products Inhibiting My- 
cobacteria by K. Marpa; 156 pages; 
$5.50; Wiley. 

Information, Computers, & System De- 
sign by I. G. Witson & M. E. 
WirsoN;341 pages; $12.50, Wiley. 

An Introduction to Mathematical Learn- 
ing Theory by R. C. ATKINSON, et al., 
429 pages; $9.95; Wiley. 

Analysis & Fractionation of Polymers, 
edited by J. MrrcugLL, JR., & F. W. 
BILLMEYER, JR. (Journal of Poly- 
mer Science: Part C, Polymer Sym- 
posia, No. 8); 314 pages; $12.75 


paper. 

Problems for Computer Solution by F. 
GRUENBERGER & G. JAFFRAY; 401 
pages; $4.50 paper; Wiley. 

Speaking of Research by C. G. Surrs; 
466 pages; no price given; Wiley. 

Bituminous Materials: Asphalts, Tars, & 
Pitches, Vol. II, Asphalts, edited by 
A. J. JorBERa; 698 pages; no price 
given. 

The Physical Principles of Magnetism 
by A. H. Morris; 680 pages; 
$16.50. 

Fundamentals of Classical Thermody- 
namics by G. J. VAN WyrEN & R. 
E. SoxNTAG; 634 pages; $8.95. 

High Energy Beam Optics by K. G. 
STEFFEN; 211 pages; $9.50. 

Ergodic Theory & Information by P. 
BILLINGSLEY; 194 pages; $8.50; 
Wiley. 

Solids: Elementary Theory for Advanced 
Students by G. WEINREICH; 163 
pages; $6.95; Wiley. 
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Pulping Processes by S. A. Rypnorw; 
1269 pages; no price given. 

Inelastic Behavior of | Load-Carrying 
Members by J. O. Smiru & O. M. 
SipEBOTTOM; 447 pages; $12.75; Wiley. 

Quantum Organic Chemistry by K. 
HiGasr, et al.; pages; $13; Wiley. 

Fields & Waves in Communication 
Electronics by S. Ramo, et al.; 756 
pages; no price given; Wiley. 

Sex & Behavior, edited by F. A. BEACH; 
592 pages; $9.75; Wiley. 

Queues & Inventories (A Study of Their 
Basic Stochastic Processes) by N. U. 
PRABHU; 275 pages; $12.95; Wiley. 

Light-Sensitive Systems (Chemistry & 
Application of  Nonsilver Halide 
Photographie Processes) by J. Kosar; 
473 pages; $15. Vol. I of Wiley’s 
Fhotographig Science & Technology & 
the Graphic Arts series. 

Graphical Methods in Research by A. 
S. Levens; 217 pages; $5.95; Wiley. 
Introduction to Calculus & Analysis 
fol. I, by R. Couranr & F. Jonn; 

661 pages; $10.50. 

Insect Sex Attractants by M. JACOBSON; 
154 pages; $7.75. 

High-Speed Wind Tunnel Testing by 
A. Pore & K. L. Gorn; 474 pages; 
$15; Wiley. 


From The Williams & Wilkins Co. : 


Trais & Trials in Physiology (A 
Bibliography, 1909-1964) by A. V. 
Hinr; 374 pages; $14. 

The Biology of Respiration by Sim 
VICTOR Noam ; 228 pages; $12. 

L-Forms, Episomes &  Auto-Immune 
Disease by P. E. PEasE; 83 pages; 
$4 paper. 

Biochemical Approaches to Mental Hand- 
icap in Chidren; A Symposium of 
the Study of Inborn Errors of Me- 
tabolism; 84 pages; $4.50 paper. 

Allas of Hematology by G. A. Mc- 
DoNAL», et al.; 163 pages; $16.50. 

Biochemistry by S. P. Dara & J. H. 
Orraway; 379 pages; $6.75; Con- 
cise Medical Textbooks. 

A History of Immunization by H. J. 
PARISH; 356 pages; $10.50. 

Physiology of the Splanchnic Circulation 
by J. Grayson & D. MENpEL; 200 
pages; $9.75. 

A History of Parasitology by W. D. 
FosrEn; 202 pages; $8.25. 

Quantitative Electron Microscopy, edited 
by G. F. Baur & E. H. Zerrier; 
605 pages; $12.50. 


Miscellany 


From American Chemical Society, 1155 


16th St, N.W., Washington, D.C. 
20036: 

Solvated Electron, E. J. Harv, Chair- 
man; 304 pages; $8; Advances in 
Chemistry Series, R. F. Gout, 
editor. Atlantic City Symposium 
September, 1965. 


MELPAR'S 


VEGENP RENE ENGINEERING/RESEARCH 
DIVISIONS 


have openings 
in the following fields: 


Electronics 


Pattern Recognition, Network Synthesis, 
Random Noise Theory, Speech Synthesis, 
Data Retrieval, Microwave Systems Re- 
ceiver Design, Logic Design, Circuit De- 
sign, Machine Intelligence 


Chemistry 
Molecular Spectroscopy, Low Tempera- 
ture Phenomena, Gas Solid Reactions, 
Gas Phase Kinetics, Gas Chromatography, 
Mass Spectrometry, Electro-Chemistry, 
Enzymology 


Biology 


Mes DENcES Microbiology, Virology, Immunology, Phar- 
Y macology, Biophysics, Tissue Culture 


COMMUNICATIONS . " 
M Technical Programming 
TEST AND 


EVALUATION Symbolic and machine language , pro- 
gramming of real-time computer con- 
trolled man-machine systems for small 
LIFE SCIENCES special purpose digital computers 


Y 
SPACE SCIENCES 
: Y 


Wey 3 For further details, write in strictest confidence to: 


Clarence Endsley, Professional Placement 


MELPAR ©“ inc 


A SUBSIDIARY OF WESTINGHOUSE AIR BRAKE COMPANY 


7706 ARLINGTON BOULEVARD 


FALLS CHURCH, VIRGINIA 
(a suburb of Washington, D. C.) 


an equal opportunity employer 
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From Philosophical Library: 


. Teaching Genetics in School & University, 
edited by C. D. DARLINGTON & A. D. 
Bnapsuaw; 121 pages; $7.50. 


From Hawthorn Books, Inc. : 
Science in History by J. D. BERNAL; 
1039 pages; $12.95. 
From Walker & Co.: 


Crystals: Perfect & Imperfect by A. 
BENNETT, el al.; 237 pages; $5.95. 
A Westinghouse Search Book. 


From American Institute of Chemical 
Engineers, 345 E. 47th St., N.Y.C.: 


Introduction to Analog 
A Self-Instructional 
price given; paper. 


Computation, 
Program; no 


From Astronuclear Press, P.O. Box 3522, 
Granada Hills, Calif. : 


Nuclear Space Propulsion by H. F. 
Cnoven; 431 pages; $15. 


From Intermedia, Inc., Carlisle, Mass.: 


The Measurement of Efficiency of Scien- 
tific Research by B. Liprrz; 262 pages; 
$7. 


From Pacific Books, Publishers, Palo Alto, 
California : 
Porteus Maze Tests: Fifty Years Ap- 
plication by S. D. PonrEvs; 320 
pages; $7.50. 


From New York State Museum and 
Science Service, Albany 12224: 
Bibliography of New York Quarternary 
Geology by E. H. Mutuer; 116 pages; 
$1 paper. 


From The American Association for the 
Adyancement of Science: 


Man, Culture, & Animals: The Role of 
Animals in Human Ecological Ad- 
justments, edited by A. LEEDS & 
A. P. Vavpa; 304 pages; $8 ($7 pre- 
paid to AAAS members). 

Air Conservation, Report of the Com- 
mission ; 335 pages; $8 to nonmembers. 


From Holden-Day Inc. : 
Elements of Modern Algebra by S-T 
Hv; 208 pages; $8.95. 
From North Pacific Publishers, P.O. Box 
5044, Portland, Oreg. 97213 
New Light on Space and Time by D. B. 
Larson ; 264 pages; $6. 
From George Braziller, Inc. : 


Oppenheimer: The Story of a Friend- 
ship by H. CHEVALIER; 219 pages; $5. 


From Taplinger Publishing Co., distributor 
for Asia Publishing Co. : 
Generalized Hypergeometric Series by 
R. P. AGARWAL; 109 pages; $3.25 
paper. 


From International Textbook Company, 
Scranton, Pa. 18515: 
Introduction to Signal Theory by J. 
L. MARSHALL; 254 pages; $9. 


From Franklin Watts, Inc.: 


Anthropologists and What They Do 
by MARGARET Mab; 209 pages; 
$3.95. 

From Canadian Research Centre for 


Anthropology, University of Ottawa: 


Eskimo Townsmen by J. J. & I. Honc- 
MANN; 278 pages; $6.50 paper. 


From The National Academy of Science— 
National Research Council: 
Geochronology of North America, by the 
Committee on Nuclear Science: 315 
pages; $6. 


From The Combustion Institute, Union 
Trust Bldg., Pittsburgh, Pa. 15219: 


10th Interrational Symposium on Com- 
bustion with Cumulative Index Vols. 
I to X; 1488 pages; no price given. 


From NEO Press, Box 525, Ann Arbor, 
Mich. 48107: 


A Short Course on the Application of 
Group Theory to Quantum Mechanics 
by I. SenENsTED; 81 pages; $0.75 
paper. 


From Mistaire Laboratories, 152 Glen 
Ave., Millburn, N.J. 07041: 


Spores-Ferns-Microscopic Illusions An- 
alyzed by C. S. Hires; 548 pages; 
$22.50. 


From Ken Cook Co. Publishers, Mil- 
waukee, Wis.: 
Essays on Knowledge & Methodology, 
edited by E. D. Simmons; 145 pages; 
no price given. 


From The Catholic University of America 
Press: 

An Introduction to the Study of Beetles 

by R. H. AnxErT, Jr.; 40 pages; $1 
paper. 


From Holden-Day, Inc. : 
The Structure of Lie Groups by G. 
Hocnscnirp; 230 pages; $10.95. 
From Dover Publications, Inc. : 


Illustrations of the Huttonian Theory of 
the Earth by Joun Pravrarm; fac- 
simile reprint ; 528 pages; $2.75 paper. 


(To be continued in March 1966 issue) 
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Systems Studies 


„ORI 


e SPACE SYSTEMS 
e UNDERWATER WEAPONS SYSTEMS 
e COMMUNICATIONS AND RADAR SYSTEMS 


Operations Research Incorporated continues to seek creative engineers, 
mathematicians and physicists to participate in complex systems studies of 
unusual challenge. Outstanding professional staff positions are open at all 
levels . . . from BS through PhD. 

We particularly seek individuals with systems backgrounds in ASW, 
underwater surveillance, electronic and space systems design and reliability 
analysis, radar, and communications. You should be able to conduct theoret- 
ical performance analysis, operational effectiveness studies, systems model- 
ing and simulation analysis. 

You will find that ORI, a small, profit-making company, offers an envi- 
ronment in which your efforts are quickly recognized and rewarded. Salaries 
are excellent, and ORI staff policies and benefits programs are geared to the 
needs of creative professionals. Location is at ORI’s modern headquarters 
facility in suburban Washington, D. C. (Other positions are open with 
multi-disciplinary ORI groups in Los Angeles, California, and State College 
and Carlisle, Pennsylvania.) 

For further information about current career opportunities in your fields 
of interest and capability, please send your resume to: Mr. Carlton Robinson, 
Professional Staffing, ORI, 1400 Spring Street, Silver Spring, Maryland 
20910 (suburb of Washington, D. C.) 


OPERATIONS RESEARCH INCORPORATED 
Washington * Los Angeles * Cambridge 


An equal opportunity employer 


457A 


‘Report from 


BELL 
LABORATORIES 





Activities in technology sometimes 
have surprising implications. For ex- 
ample, recent antenna tests conducted 
by Bell Telephone Laboratories at Holm- 
del, New Jersey, have apparently pro- 
duced evidence about the early history 
of the universe. 


In their radio communications studies, 
Bell Laboratories scientists had been us- 
ing ahorn-reflector antenna (employed on 
Project Echo and Telstar® experiments) 
to measure the radio noise emitted 
by Cassiopeia A, an exploded star now 
surrounded by fiery gas. This and other 
similar measurements require accurate 
knowledge about or elimination of noise 
produced by the atmosphere, the ground, 





A radio problem that may 


and the components of the antenna sys- 
tem itself. Now, noise from the Earth’s 
atmosphere can be accurately measured 
and the antenna is so directional that 
ground noise is negligible (verified 
through a series of tests with a mobile 
transmitter). The electrical joints in the 
antenna system and waveguide were 
reworked and sealed to eliminate any 
possible noise due to leakage. And, 
an extremely accurate noise-level ref- 
erence source—the best produced so far 
—was designed and built especially for 
this project. 

But there was some noise which could 
not be explained. It was stronger than 
that radiated by the distant fixed stars. 


—— e 


Bell Laboratories’ horn-reflector antenna located at Holmdel, New Jersey. It is coupled to a traveling 
wave maser receiver through a waveguide switch which permits comparison of received noises and noise 


from a reference source. 
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have a ten-billion-year-old solution 


It showed none of the patterns typical 
of man-made interference. Drs. A. A. 
Penzias and R. W. Wilson were frankly 
puzzled. Strangely enough, similar un- 
explained noise, of the same order of 
magnitude, had.been suspected by Bell 
scientists during the Project Echo and 
Telstar experiments. At that time, though, 
measurement techniques were not suffi- 
ciently perfected to allow them to be cer- 
tain of their suspicions. 


Not far away, however, at Princeton 
University, an explanation was being de- 
vised without knowledge of the Bell ex- 
periments. A group under Prof. R. H. 
Dicke was seeking information about the 
relationship between gravity and the re- 
cession of distant galaxies from us and 
from each other. The original composi- 
tion of our galaxy (inferred from spectral 
lines of "old" stars) and the belief— 
held by many astronomers-that all mat- 
ter was once compressed into a vastly 
smaller volume than at present, sug- 
gested to the group that the universe was 
at that time much hotter—a veritable 
fireball. Such a fireball would emit a 
characteristic "black-body" radiation 
which — after cooling through billions of 
years of expansion — would have fallen in 
frequency from about 10° cps. to about 
10" cps. It would thus lie in the radio 
spectrum, at wavelengths of a few centi- 
meters. This was very much like the noise 
which was puzzling the men at Bell 
Laboratories. 


A mutual acquaintance saw a possible 
connection and put Bell in touch with 
Princeton. Result: the signal received at 
Bell Laboratories has enabled Prof. P. J. 
Peebles of Princeton to draw the hypo- 
thetical radiation spectrum shown in the 
figure. Future measurements at other 
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Virtually all of the “black-body” radiation which 
might have come from the supposed primordial 
fireball is concentrated between wavelengths of 
7500 cm. and 0.01 cm. However, the long-wave 
end of the spectrum is masked by the galactic 
radiation to which radio astronomers listen and 
the short-wave end is masked by the Earth’s 
warm-air atmosphere. Therefore, only the portion 
of the curve between about 20 cm. and 1 cm. can 
be studied. Bell Laboratories has supplied a 
point at the Telstar wavelength (7.3 cm.). Bell 
and Princeton scientists will next look for other 
points along the same curve. If these points are 
found, they will be powerful evidence of such 
radiation and, in turn, of the former existence 
of the fireball itself. 


wavelengths within this spectrum are 
planned at both Bell and Princeton to de- 
termine whether there was a primordial 
fireball. If so, it will be the first reliable 
view man has had of events 10 billion 
years ago. 
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SUN, MOON, MEN, AND STONES 


By GERALD 8. HAWKINS 


HE SCHOLAR rarely works in the boundary zone between two disci- 

plines by choice, and if necessity compels him to do so he feels 
strangely uncomfortable when outside his original field. As an astronomer, 
I recently examined the question of where certain archways and stone 
alignments in southern England pointed. The calculations were straight- 
forward, though tedious, and the method was well understood in as- 
tronomy. The results of the calculation were clear and unambiguous. 
The only trouble was that, at first sight, the findings seemed 
unbelievable. In following the clues, I was led into archaeology—or 
rather I had to study the archaeological details so carefully determined 
in a one-acre plot of the chalkdowns over a time span in prehistory of 
approximately. 300 years. The findings then seemed to throw some light 
on the thought processes of prehistoric people which could best be under- 
stood by anthropologists. Prehistorians became interested in the fact that 
a set of stones could convey and preserve information without the need 
for a written word, and classical scholars began to find confirmation for 
part of the findings in the myths and legends. Stonehenge at once pre- 
sented problems with which a scholar of any one discipline would be 
uncomfortable. 

The first construction work at.Stonehenge began around 2000 B.c. 
At that time, Britain had for several thousand years been well separated 
from continental Bur ope by the widening of the Nor th Sea and English 
Channel as’ the glacial ice retreated and melted. Hunters and other 
migratory people had crossed to England and southern Ireland before 
the land bridge disappeared, and there was still a great deal of travel 
between Europe and Britain over the widening seas. Along the coasts 
bordering the Irish Sea, the passage graves give evidence of settlers 
arriving by boat from the Mediterranean area. The voyage became 
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increasingly difficult and, by 2000 ».c., the inhabitants in Britain had 
developed a characteristic culture with traceable associations with their 
continental counterparts. 

The actual dates of Stonehenge are uncertain to within a century or so, 
but the chronology may be based roughly on the facts that the entire 


MIDSUMMER 
. SUNRISE 
e e 
o o 
i o 
9 Q9 o 
o o 9 
SARSEN 5 
ð o CIRCLE z 
c = a. o 
o A) se? ° - 9 
o 29 Pid BLUESTONE A Bo, t N Q 
; $. o CIRCLE c > " 
o La 9 hi 
a O o 7 o 
! "M à P o BLUESTONE a$ oe o 
2 Ò o SM o HORSESHOE om E o o 
M o a Ü o M a oF: 
P4 A 0 . o 1 o 
o 9 | o o 8 h n 
€ och ? 8 35 v 
v 29 e . S e. q 
o 9 £2 o - S po o 
o ` b ® o2 = o g ‘ 
o EV "e. D po "n z 
v 95 SUNSET | E 4 
o ^s oo o d 
o C». 9ooo0* 2 " 
F S. Qn 2 HOLES 
o [ee 
o o 
o 
Li ` o o a 
Y HOLES 
o o 
*. 
o e o 
o 
«B STONE 
MISSING STONE, 
C FALEN STONE, 
OR HOLE 
0 10 20 30 40 50 ee LINTEL 
—— 
SCALE OF FEET OO. MISSING LINTEL 


Fig. 2. Stonehenge III c. 1600 s.c. 


building operation seems to have stretched over approximately three 
centuries, and that the trilithons—the archways of dressed sandstone— 
were put in place towards the end of the building operation in 1700 B.c. 
This date is fixed to within +150 years by the radiocarbon dating of a 
deer antler found buried at the base of one of the stones. 

In phase I, the Stonehengers dug a circular ditch into the chalk some 
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350 feet in diameter, 15 feet wide, and 6 feet deep (Fig. 1). Beneath the 
thin layer of turf, the downs are composed of chalk which forms the 
white cliffs of England when exposed on the southern coast. The excava- 
tion from the ditch was piled in a wall or bank some 320 feet in diameter. 
The white bank encircled Stonehenge except for a gap towards the 
northeast. Subsequently, many holes were dug and stones were set, but 
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Fig. 3. Sun and Moon alignments of Stonehenge I. 


the exact chronological order of the operations is not certain. The work 
probably extended for two or three centuries up until, but not including, 
the time of Stonehenge III, Figure 2. It is convenient to treat all of 
these stones and holes as one unit under the title Stonehenge I." 

The 35-ton heelstone was erected in the position where it stands 
today. Holes A, B, C, D, and E were dug near the heelstone and probably 
at one time held stones. Stone holes F, G, and H were dug around the 
perimeter, though some archaeologists feel that G and H are so shallow 
that they may not have been dug for the express purpose of holding a 
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stone. The 56 evenly spaced Aubrey holes were dug around the pe- 
rimeter and then almost immediately refilled with white chalk rubble. 
Certainly, these are not stone holes and they are too large for wooden 
posts. At later times, these Aubrey holes were disturbed for the insertion 
of cremated burial. After the Aubrey holes were dug, stones were set at 
the corners of an approximate rectangle, designated in the plan as 91, 
92, 93, and 94. Stones 92 and 94 were differentiated from the rest by 
digging a ditch around them, as also was the heelstone. 

The sarsen boulders of this group that remain today are rough, with 
only slight traces of tooled dressing. In all probability, they were found 
as a natural outcrop in the vicinity of Stonehenge and selected for the 
appropriateness of their natural shape. The heelstone, for example, rises 
to a rounded point and its silhouette is symmetrical as seen from the 
center of the circle. The heelstone now tilts at an angle of approximately 
30°, but presumably, in its original condition, was upright and then the 
tip of the stone would project approximately 0°5 above the level of the 
skyline. The other stones were probably set to be level with the skyline 
when viewed from across the circle. 

What were the Stonehengers doing? An analysis of all possible lines 
between the stones and stone holes shows that certain of these lines 
point to critical positions of the rising and setting of the Sun and Moon. 
The alignments that I recognized with the help of a machine computing 
program are shown in Figure 3. Approximately half of these alignments 
have been published in Nature (Hawkins, 1983, 1964). The remainder, 
particularly the equinox alignments, have been published in Stonehenge 
Decoded (Hawkins and White, 1965). To understand these alignments it 
is necessary to go over some astronomical facts concerning the Sun, 
Moon, and ecliptic. Meanwhile, in passing, it is interesting to note that 
most of the stones mark two or more different alignments, which 
virtually rules out the possibility of a chance placement, and which 
could indicate a deliberate attempt to make each position mark both the 
Sun and the Moon. 

A civilized person hardly notices that the Sun does not always rise in 
the east. From March 21 to midsummer’s day it rises each morning 
further to the north, reaching an extreme on either June 21 or 22 de- 
pending on the leap year calendar. From June to December the point of 
sunrise swings to the south and, for temperate latitudes, the six-month 
angle of swing is almost 90°. Classical antiquity said that chariots were 
pulling the Sun on its yearly course around the tilted ecliptic, and the 
apparent movement was well recognized as the cause of the seasons. 

Because the Earth’s orbit is almost a circle, and because the tilt of its 
axis of spin does not change appreciably during the year, there are 
obvious symmetries. The midwinter Sun sets opposite to the position 
where the midsummer Sun rises. Midsummer sunset is opposite mid- 
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winter sunrise. Also, sunrise is opposite to sunset on the day of the 
equinox. 

The winter-set, summer-rise line is marked by the short sides of the 
rectangle and by the line to the heelstone. The winter-rise, summer-set 
line is marked by 94-G and, less accurately, by 98-H. The equinox line 
is marked by 94-C and 93-F. 

Thus, the Stonehengers had lines that marked the seasons of the year, 
irrespective of whatever arbitrary calendar system they had chosen to 
adopt. They had the means to confirm that the Sun was on course. 
They certainly had reasons to be vitally concerned with the observations. 
If the Sun ever failed to turn at the heelstone at midsummer and day 
after day rose further to the left, then intense heat and drought would 
surely follow. Today we have absolute confidence in the regular move- 





Fic. 4. The apparent path of the Sun or Moon when rising in north temperate lati- 
tudes. 


ment of the Earth around the Sun, and in the precise equations that 
govern the sunrise and the seasons. Yet astronomers are always pru- 
dently checking the positions in the sky just to be sure. 

At this point let us digress for a moment to consider what is the 
actual instant of sunrise or sunset. The astronomer's answer is definite 
and unambiguous. The instant of astronomical sunrise is when the upper 
rim of the Sun is level with the astronomical horizon—a flat horizontal 
plane at eye level. Of course, no one ever sees this sunrise. The closest one 
could come would be to float, almost submerged, in a calm ocean, but 
even then the Sun would be totally invisible. A few seconds must elapse 
before the rim of the Sun projects sufficiently to be seen. Generally the 
skyline, the observer's horizon, is at a higher altitude than the astronomi- 
cal horizon, and the visible sunrise is delayed further. 

Meteorological sunrise on the other hand is when the disc of the Sun 
is bisected by the astronomical horizon—a more practical definition but 
still unrelated to the actual skyline. A third possibility is the instant 
when the lower rim of the Sun touches the horizon, the instant when the 
glowing disc seems to separate from the Earth. Similar definitions may be 
used for sunset. 
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* For an observer on the equator, the Sun rises vertically and the 
direction of sunrise is the same whatever definition is used. At temperate 
latitudes, the apparent path of the Sun is inclined as shown in Figure 4, 
and, not only is there a time difference of about four minutes between. 
the first gleam and the leaving of the horizon, but there is a difference 
in the directions of the various sunrises of about 1°. 

The first alignments that I calculated, particularly the heelstone sun- 
rise, tended to match the full dise leaving the skyline. Later, when the 
total number of alignments found for the Sun and Moon had reached 
35, the average was more in correspondence with the disc bisected, 
similar to the meteorological definition. Because of the slight deviations 





Fra. 5. Sunrise, June 20, 1964. 


found among the various alignments, it is not possible to be sure of the 
exact definition used by the Stonehengers. Indeed, for the placing of 30- 
ton boulders and naked-eye observations, it is an admirable achievement 
to point anywhere within the narrow 1? sector between first gleam and 
last contact. Ironically enough, there was more uncertainty in the 
modern survey than in the actual setting of the stones. Due north had 
been determined by Sir Norman Lockyer but there were some ambi- 
guities in his work which were finally resolved with the help of the 
photograph shown in Figure 5. Even today the skyline altitude is not 
known precisely for a full 360? at Stonehenge. 

We are fortunate to be able to use Stonehenge as an observatory today, 
4000 years after its construction. If the Stonehengers had chosen stars, 
the stones would have become inoperative within a period of a few 
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centuries. This is due to precession, the conical motion of the Earth's 
axis which carries the north celestial pole around a circle in the sky once 
every 26,000 years. The coordinates of a star change by almost 1° per 
century, and there is a corresponding change in the direction of star rise. 
But the turning point of the Sun at the solstice is fixed only by the 
obliquity, the half angle of the apex of the cone swept out by the Earth's 
axis. 

Obliquity does change, but at a slower rate than precession. The tilt 
angle oscillates between the narrow limits of 23° and 24° with a period 
of about 40,000 years. In 2000 s.c. the angle was 24?0; in 1964 A.D. 
23°4, This would make the Sun approximately one diameter higher in 
prehistory than it is in the picture of Figure 5. It is a relatively simple 
matter to allow for obliquity, atmospheric refraction, the parallax angle 
caused by the finite distance of the sun and moon, and other details in an 
astronomical calculation for an epoch several thousand years ago. It is 
much more difficult to decide whether trees were growing on the skyline 
and to what height. 

More remarkable than the Sun alignments are the alignments with the 
position of moonrise and moonset. The Moon travels in its orbit around 
the Earth once every 29.53 days as measured with the Sun as a reference 
point. In this period, it appears to follow a path close to the ecliptic and 
reaches the full phase when opposite to the Sun. Thus, in one month the 
position of the Moon on the horizon shifts as much as does the Sun 
during a year. The position changes by about 90° in a span of two weeks 
and the apparent shape of the Moon changes from day to day. Casual 
observers would conclude that the behavioral pattern was chaotic. 

If we fix upon a particular phase, then the pattern is more orderly. 
The full Moon, for example, rises as the Sun is setting and is on the 
opposite horizon. Thus, at midwinter when the Sun is setting along the 
short sides of the rectangle (01-02, 93-94) the full Moon rises in the 
general direction of the heelstone as viewed from the center. To carry 
the antithesis further, the Moon is also opposite in season—in winter it 
occupies the summer position of the Sun. There are five more space-time 
antitheses and these are also marked at Stonehenge by the summer, 
winter, and equinox lines. 

Can we be sure that the Stonehengers noticed these simplifications in 
the motions of the Sun and Moon? A strong affirmative answer can be 
given. At any particular season the full Moon is exactly opposite the 
Sun once every nine years or so. In the intervening years the winter full 
Moon at Stonehenge rises for nine years to the left of the heelstone and 
for nine years to the right as seen from the center. The end points of this 
long swing are marked by holes D and F. Similarly the end points of the 
swing of the rising full Moon in summer are marked by the diagonal and 
long side of the rectangle 91-93 and 92-93. The 19-year swing of the equi- 
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nox full Moon is marked by the angle B, 94, E, and the swing of the 
summer moonset by the angle 93, 91, 94. 

The Stonehengers have picked out the critical extremes and midway 
positions of the Sun and Moon. In astronomical terms they marked the 
declinations given by 8. = (24n + 5m) where n and m are 0, +1. The 
odds that the Stonehengers marked this unique set deliberately are 
millions to one in favor. 

The archways of Stonehenge III follow the same pattern. Looking 
through the sunrise trilithon, Figures 2 and 6, only one view is possible 
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and the direction is that of midwinter sunrise. On the other side of the 
horseshoe, the view is sunset at midsummer and the great trilithon 
marks sunset at midwinter. There was no need to build a trilithon for 
midsummer sunrise; it is marked by the heelstone as viewed through the 
entrance gap in the sarsen circle and this is the view shown in Figure 5. 
The other two trilithons mark the swing of the full Moon as it rises at 
midsummer and as it sets at midwinter. The midpoint of the swing of the 
Moon is marked by the sunrise and sunset trilithons where it is to be 
seen at intervals of 9 or 10 years. There was no need to mark the winter 
moonrise swing in Stonghenge III because the original lines of Stone- 
henge I were still available. Similarly, the equinox sightings from 94 were 
still open. 

This is a remarkable summary of a complex pattern of natural phe- 
nomena. We begin to read in the placing of the stones the thought process 
of the Stonehengers. The human motives for the gigantic undertaking 
emerge—a calendar to mark the seasons, pointers for following the solar 
and lunar gods, satisfaction in an instrument ingeniously contrived, 
artistically designed, and skillfully built. But in these conjectures the 
anthropologist must take over—what were the intellectual capabilities 
of Homo sapiens (britannicus) 4000 years ago? 

The British archaeologist, R. S. Newall, reminded me of the allusions 
to astronomical temples by Diodorus of Sicily, ca. 50 s.c. Diodorus refers 
to an ancient temple in the north dedicated to the sun god. The Moon 
was observed there and the stars returned to their original positions 
after 19 years. The priests were called Boreadae and kept their knowl- 
edge within the family. 

This remarkable legend could so well apply to Stonehenge. The swing 
of the Moon follows a period of 18.61 years, almost the “19” of Diodorus. 
More exactly from the practical viewpoint, counting in whole years, the 
swing averages two intervals of 19 followed by one of 18. Certainly, the 
observers’ positions were strictly limited. Only one person could con- 
veniently look through the archways and over the stones. Who knew 
what the high priest saw as he worshipped the sun or moon god?— 
perhaps only those who were in the family. Classicists and prehistorians 
will probably be able to explore more fully the thread of this legend. 

The question of secrecy, occultness, or subtlety is an intriguing one. 
The obvious axis of symmetry runs north-south. If the stones had been 
set around one central observation point, the astronomical significance 
of Stonehenge would have been discovered several hundred years 
earlier than it was. Sir Edmund Halley, for example, spent much time 
at the site in the 1720’s, and as an astronomer could not have failed to 
recognize the pattern. But the Stonehengers designed first the 
rectangular setting and the later circles using the midsummer line as the 
axis. The basic Sun-Moon pattern is not symmetrical about this axis as 


400 AMERICAN SCIENTIST 


may be seen by folding Figure 7. Yet, by their particular choice of 
phenomena, they made a symmetrical monument which has been 
recognized primarily heretofore as an architectural marvel. It has been 
a mystery in modern times, perhaps it was also mysterious to those who 
were not within the family. 

Newall also argued that Stonehenge might be representative of a 
' culture because one rarely finds isolated achievements in antiquity. 
The only other megalithic site for which a plan was available to me was. 
Callanish, on Lewis, the northernmost island of the Outer Hebrides. 
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We read the stone positions from the plan and prepared the data for 
the astro-archaeology machine program at the Smithsonian Astro- 
physical Observatory. It is reasonable to adopt a construction date of 
ca. 1500 B.c. The rows of stones were found to point to the pattern of the 
Sun and Moon at this period as at Stonehenge. The extreme path of the 
full Moon at midsummer was the main axis of the monument, and the 
site seemed to have been chosen so that the midsummer Moon appeared 
to set into distant Mt. Clisham, the highest peak on the Outer Hebrides. 
Of course, in this northern latitude the direction of the rising and setting 
of the Sun and Moon was different from the directions at Stonehenge. 
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An exact replica of Stonehenge would not have worked at Callanish. 
The design adopted by the ancient Scots was a distorted cross with 
triangular wings as shown in Figure 8. 

It now seems probable that we have indeed found readable informa- 
tion from the closed book of prehistory. Perhaps other sites will yield 
fresh information on what seems to be a rudimentary beginning of the 
scientific method of observation, deduction, abstraction, and prediction. 
To be sure, these ancient peoples may have regarded the Sun and Moon 
as mystical gods, but this does not detract from the intellectual and 
practical achievement. Today, our own generation is reaching for the 
Moon with more fervor and excitement than a dry, airless 2000-mile ball 
of rock would seem reasonably to deserve. 

Professor Thom has found remarkable geometric and mathematical 
properties in the megalithic circles in Britain (New Scientist, 1964). 
Many circles are distorted in a manner that makes the circumference 
exactly three times the diameter. These circles seem to be an exercise to 
rationalize r. Other stones are set in right angle triangles where the ratio 
of the sides and hypotenuse are 3, 4, and 5 and other Pythagorean 
number sets. Many stone settings required the bisecting of an angle. 
All this Stone Age work was done long before Pythagorus or Euclid. 

As an astronomer, I did not know how far it was prudent to carry this 
investigation. It is a great sweeping generalization to categorize disci- 
plines, but in one extreme corner of archaeology it is believed that when 
we deal with people who could not write and who had not discovered 
metals we are dealing with an inferior Homo sapiens. Within anthro- 
pology, we find the other extreme position that regards Homo sapiens, 
whatever the date in the past may be, to be our equal. I adopted as.a 
working hypothesis the view that anything that I could discover at 
Stonehenge was probably known also to the Stonehengers. This hy- 
pothesis automatically rules out the third possibility, that in some respects 
they might have been superior to us. This hypothesis led to the discovery 
of the possible use of Stonehenge as a calculating device for predicting 
eclipses. It also led to the discovery of the eclipse cycles based on the 
tropical year which have hitherto been overlooked. 

The swing of the Moon marked at Stonehenge is controlled by the 
regression of the nodes of the Moon’s orbit. When the full Moon or new 
Moon is at one of the nodes, then the Sun, Earth, and Moon are exactly 
in line. This is the well-known prerequisite for an eclipse. When the full 
Moon is at a node it passes within the dark shadow of the Earth and, 
apart from deep red light filtered through the Earth’s atmosphere, the 
full Moon is extinguished. When the Moon is at the other node, then it 
passes in front of the disc of the Sun. If the alignment is precise, the photo- 
sphere is obscured and a total eclipse of the Sun takes place. If the 
alignment is not exact, then only a portion of the Sun is obscured. 
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If we take as an example the full Moon at winter, at the center of its 
swing it rises over the heelstone. It is then exactly opposite the setting 
Sun and at the node of its orbit. A total eclipse of the Moon will take 
place. Calculations show that when the winter Moon rises over the 
heelstone, it is an infallible rule that some type of eclipse will take place. 
Either the full Moon is eclipsed or, at the time of the new Moon, an 
eclipse of the Sun occurs. On the average, only half of these eclipses are 
visible at a fixed spot on the Earth's surface such as Stonehenge because 
of the rotation of the Earth. But, nevertheless, the full Moon rising over 
the heelstone in winter would indicate that there was the imminent 
danger of an eclipse taking place that month. Similarly, the danger of 
‘an eclipse during the month of the spring Moon, fall Moon, or the 
summer Moon was indicated by the other alignments. 

'Thus I could visualize Stonehenge being an instrument which was 
useful for giving some warning of the danger of an eclipse and, following 
my working hypothesis, I presumed that the Stonehengers had noticed 
this property of the monument. Could I use Stonehenge to predict a 
particular eclipse with certainty? Could 1 tell by observation whether on 
the night of the eclipse it would be visible at Stonehenge or whether it 
was visible only on the other side of the Earth? Standing at Stonehenge 
when an eclipse was about to take place I realized that the answer was 
“yes,” and therefore presumed that the Stonehengers were also aware of 
this possibility. The high priests could, in fact, have predicted the time 
of an impending lunar eclipse with an accuracy of about one hour. 

Critical observations would have to be made on the evening of the 
suspected eclipse. If the Moon rose less than thirty minutes before the 
Sun set, then the eclipse would be visible from Stonehenge. The Moon 
moves eastward towards the Earth's shadow at a rate of 0°5 per hour. 
The Moon rises (and the Sun sets) at a rate of 15? per hour owing to the 
spin of the Earth. Thus, thirty minutes of time shows that the Moon 
must travel 6? to be exactly opposite to the Sun, which requires twelve 
hours for the Moon to cover. In discovering this, of course, I was using 
our own concept of time, but the Stonehengers could easily have figured 
in terms of lunar diameters. If the Moon rose after the Sun had set on 
the night of the full Moon, then the Stonehengers would be able to tell 
with surety that the danger of the eclipse was past and the phenomenon 
would not occur. 

To investigate this possibility further I computed the position of 
moonrise for the period 2000-1000 s.c. In a way, I was observing with 
the Stonehengers and could see with them any patterns that existed in 
the behavior of the Moon and the Sun. It became quite clear that there 
was a pattern based upon the tropical year, the year of the seasons. 
For example, the full Moon nearest to the time of the winter solstice is 
eclipsed in a repetitive fashion based upon a 56-year cycle. The full 
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Moon of any other season, such as the spring Moon, the harvest Moon, 
or the midsummer Moon similarly follow the pattern based upon a 56- 
year cycle. Once discovered, the fact is obvious. It is the result of the 
commensurability of the eclipse year with the tropical year. One simply 
has to find integers, a and b, which come close to satisfying the equation 
346.620 a, = 365.2422 b. When b is 56 and a is 59, the two periods agree 
to within four days. Thus, the winter Moon is in danger of eclipse every 
56 years and this cycle will be sustained accurately for a period of about 
300 years, as shown in Figures 9 and 10. There are other cycles that exist 
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* Fie. 9. The commensurability.of the eclipse year and tropical year. 


at 19 and 37 years but these are not as accurate as the 56. A cycle of 93 
years is more accurate; in fact, it would persist for more than 1000 
years. 

Now archaeologists have never been able to suggest a reason why the 
circle of Aubrey holes was made to contain 56. In fact, without corroborat- 
ing clues it would be meaningless to speculate on the number. However, 
the strong evidence for lunar observations sustained over many years 
makes it reasonable to suppose that the Aubrey circle contains the 
information of the nodal regression of the Moon and the seasonal eclipse 
cycle. Writing 1500 years after Stonehenge, Diodorus seems to convey 
the information of the cycle but his information is degraded. Three 
periods of 19 years make 57, and the Diodorus cycle would be one year in 
error when compared to the more accurate 56. 
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The Aubrey holes could have served as a crude counting device for 
predicting the swing of the Moon and the particular year when an 
eclipse should be expected at a certain season such as winter or spring. 
There are many ways of using the circle as a computer. One way is. to 
set six stones or other markers at the holes as shown in Figure 11. 
Every year at a particular date, say midsummer’s day, the stones are 
each moved counterclockwise to the next hole. When a white stone is at 
Aubrey 51 or 5, then eclipses are to be expected in the spring or fall. 
When a black or a white stone is at Aubrey 56 then eclipses will occur 
in the month of midwinter or midsummer. The circular computer would 
follow the moon cycle accurately year after year for three centuries. 
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Fic. 10. Success rating of allowable seasonal eclipse cycles. 


Then eclipses would begin to occur one year ahead of the computer, and 
matters could be put right by advancing all stones by one hole. 

If Diodorus was referring to Stonehenge as it existed 1500 years before 
his time then his information was incomplete. The accepted translation 
of "stars" makes no sense astronomically because the constellations re- 
turn to their seasonal positions in one year as was well known to the 
Greeks, Certainly, he makes spécific reference to the Moon in the same 
context and the 56-year cycle is composed of two periods of 19 and one 
of 18. Perhaps Diodorus or his source of information had lost the Borae- 
dae knowledge of the short cycle at the 56th year. 

Astronomieally, all the circles and the horseshoe at Stonehenge make 
sense. The 30 sarsen archways would serve as a counting device for 
predicting the phase of the Moon. One has simply to shift à marker from 
one arch to another each day. The Aubrey computer tells the year of a 
possible eclipse, the sarsen circle tells the day. 
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The number 30 is the nearest integer to the length of the month which 
is 29.53 days on the average. It was well known in classical times that a 
better approximation was to alternate the day count, 30, 29, 30, 29, etc. 
There are 30 Y holes and 29 Z holes which are late additions to Stone- 
henge. They could have been used for a better approximation to the 
prediction of the phase of the Moon. The bluestone circle contained 
originally between 59 and 61 stones, the exact number is uncertain. I sug- 
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Fig. 11. The Aubrey circle as an eclipse predictor. 


gest the number was 59 so that by moving a marker each morning and 
each evening the computer would allow 29.5 days to the month and keep 
in step with the Moon with remarkable accuracy. 

The bluestone horseshoe contained 19 stones, one of which was the 
unusual micaceous sandstone block now called the altar stone. Thus, the 
horseshoe provided another counting device for marking the passage of a 
19-year cycle. By omitting the altar stone every third cycle, the necessary 
18-year cycle could also be marked. 
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At this point the working hypothesis seems to make extreme demands. 
There is certainly a great deal that is possible at Stonehenge, but how 
much of it really was known to the Stonehengers? It would require at 
least one 56-year cycle of observation to find the pattern, and several 
more cycles to confirm the result. For a few centuries the rising and 
setting of the Sun and Moon must have been noted day by day and the 
information memorized and transmitted verbally from one generation to 
the next. This information is equivalent to a comprehensive astronomical 
ephemeris and would represent a considerable portion of the total 
knowledge of the neolithic culture. 

Archaeologically, the Aubrey holes are thought to be an early feature 
of Stonehenge I, but astronomically the holes would be easier to under- 
stand if they were dug much later. Archaeologically we must conclude 
that the designers and builders started at Stonehenge with the problem 
virtually solved and the facts established. Astronomically, we would 
prefer to see the problem solved over the years based on data obtained 
during the construction of Stonehenge I. The chronological evidence 
from archaeology is that the ditch of 92 cuts through Aubrey 19, but the 
evidence is not fully convincing. 

If this amount of knowledge existed so early in Britain, then it is to be 
expected that similar achievements await discovery in other areas, 
particularly the Mediterranean. The Callanish site is on an island and 
the type of tomb found there is similar to others found on the coasts of 
the Irish Sea. It is presumed that ocean passages were possible ca. 2000 
B.c. and the voyagers would naturally be expected to carry information 
from one point to another. At the moment, however, the astro- 
archaeology of Callanish and Stonehenge, particularly the latter, stands 
alone. 

The solar-lunar knowledge contained in the writings of the classical 
Greek scholars is much less than seems to be contained in the placing 
of the stones at Stonehenge. Even the Babylonian tablets do not treat 
the problems of the movement of the Moon until ca. 700 s.c. Stonehenge 
is therefore isolated in time as well as isolated geographically. On the 
basis of the present evidence one might conclude that the intellectual 
achievement at Stonehenge was lost when the structure fell into disuse 
ca. 1400 B.c. 

As I write this account, Professor G. de Santillana brings some words 
of Plutarch to my attention that may have some bearing on an attempt 
to retrieve prehistoric knowledge. 


Plutarch: De Iside et Osiride 
ca, 44: There are also some that will have the shadow of the earth, into 
which they believe the moon to fall when eclipsed, to be called Typhon. 


ca. 30: It is also most apparent that the Pythagoreans look upon 
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Typhon as a daemoniac power; for they say he was produced in an 
even proportion of numbers, to wit, in that of 56. And again, they say, 
that the property of the triangle appértains to Pluto, Bacchus, and 
Mars; of the quadrangle to Rhea, Venus, Ceres, Vesta, and Juno; of 
the figüre of 12 angles to Jupiter; and of the figure of 56 angles to 
Typhon; as Eudoxos relates. 


REFERENCES 


Hawkins, G. S. 1963, Nature, London, 200, 306. 

Hawkins, G. S. 1964, Nature, London, 209, 1258. 

HawkINS, G. S. & J. B. Warre, Stonehenge Decoded, Poeni & Co., New York. 
'THOM, A. 1965, New Scientist, 398, 17. 


ILLUSTRATION CREDITS 


Figs. 1, 2, 3, 5, 6 & 11 based on figures appearing in Stonehenge Decoded, Copyright 
© 1965 by Gerald S. Hawkins and John B. White Inc. 

Figs. 7 & 8 courtesy of Science. 

Fig. 5. From CBS-TV News, “Mystery of Stonehenge," courtesy of CBS. 


AMERICAN SCIENTIST, 63, 1965 


THE NEW LOOK IN MOTIVATION : 


By WILLIAM N. DEMBER 


BOUT a decade and a half ago, when I began graduate training in 
A psychology, one of the most exciting research topies concerned the 
effects on perception of motivational and cognitive variables. For ex- 
ample, evidence was presented that showed recognition thresholds for 
words to be affected by the motivational significance of the words; thus, 
words with positive or pleasant connotations might have lower thresholds 
—that is, be correctly recognized at a shorter presentation duration— 
than neutral words, whereas the recognition of negatively toned or taboo 
words required longer durations of presentation than those needed for the 
recognition of neutral words. Other research showed the perceived size 
of an object to be related to its. value. Thus, children tended to over- 
estimate the size of coins relative to discs of neutral value, and poor 
children were more subject to this type of error than were rich children. 
By now, a host of such studies has been conducted; with each passing 
year the methodology employed gets a little more sophisticated and the 
results a little more equivocal. But that is a different story.! The point 
for the present purpose is to note that this approach to the study of per- 
ception—which became known as the New Look in Perception—empha- 
sized the interaction between processes which psychologists had in gen- 
eral hitherto been careful to keep in separate conceptual categories, and, 
in the textbooks, in separate chapters. 

To speak of a New Look implies an ‘‘old look.” In the case of percep- 
tion the old look was one in which the variables influencing perception 
were thought to reside in two sources: (1) the physical stimulus and 
(2) the sensory system, consisting of. receptor organ, afferent nerve and 
subcortical and cortical sensory projection areas. The New Look in per- 
ception was not antineurophysiology; rather, it postulated kinds of inter- 
actions within the nervous system that were more elaborate and diffuse 
than those allowed for in the classical neurophysiology and neuroanat- 
omy of the nineteenth century. Interestingly enough, direct evidence for 
some of the neural mechanisms consistent with the New Look has been 
reported, as, for example, in the discovery of the cortical priming func- 
tion of the reticular arousal system.? 

Let me make one last remark about the New Look in Perception be- 
fore I turn to its analogue in motivation. And that is to note that the 
New Look was not entirely new. Similar ideas had been proposed earlier 


1 For a review of this literature, see Dember (1960). 
? See, for example, Samuels (1959). 


409 


410 AMERICAN SCIENTIST 


by such diverse theorists as Freud and John Dewey. What made the 
New Look novel was its attempt at empirical verification of its postulates. 


The New Look in Motivation 


What about the New Look in Motivation? From the sense of my pre- 
vious remarks you might anticipate, first of all, that the New Look in 
Motivation will be characterized by an emphasis on interaction between 
motivational and perceptual and cognitive processes. Secondly, you 
might expect to hear something about the “old look” in motivation. 
Finally, you should not be surprised to learn that the New Look in 
Motivation has a long history of its own, and that what might better be 
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Fig. 1. The T-maze, consisting of (A) starting alley, (B) choice-point, and (C) 
goal arms. The dashed lines indicate guillotine doors, which can be lowered to prevent 
retracing. . 


called the “latest new look” is characterized not so much by its theoreti- 
cal postulates as by its attempts at empirical verification. 

Now, rather than elaborate on these ideas at this point, I would prefer 
to defer their discussion until later, and launch immediately into a de- 
scription of some of my own research experience in this area. 


Alternation Behavior 


Let me begin where I began—with a phenomenon called “alternation 
behavior." 'This behavior has been studied almost exclusively in rats, 
but has also been observed in other species, including man. It can be de- 
scribed very simply with the aid of the first figure. 

Figure 1 depiets in plan view & piece of apparatus that is popular 
among those who investigate the behavior of rats. It is called a T-maze, 
and consists of: a starting alley; a choice-point region; and two goal 
arms. Frequently, guillotine doors are located at the juncture of the goal 
arms and the choice-point so that once the rat has entered an arm it can 
be prevented from leaving that arm until the experimenter is ready to 
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remove it from the maze. Depending on the purpose of a particular ex- 
periment, the goal arms may be kept identical in stimulus properties, or 
specific differences between them may be introduced, as, for example, 
by painting one arm black and the other white. For the experiments 
which I will first describe, let us assume that the left arm is black and the 
right arm is white. 

The T-maze is typically used in studying learning in the rat, and 
usually in the following manner. The rat is first deprived of some com- 
modity to establish a state of physiological need and a concomitant state 
of “psychological drive”; for example, a schedule of food deprivation 
might be instituted in order to make the rat hungry. Then the rat is 
introduced into the T-maze; at the end of one of the goal arms a bit of 
food is located. If the rat enters that arm, it is allowed to eat the food and 
is then removed from the maze. Such “‘trials” are repeated until the rat 
has reached a criterion performance level—perhaps entering the proper 
arm on 10 successive trials. 

Such a problem, though it may seem simple to us, will usually not be 
solved immediately by the rat. Indeed, it may take 20 or 30 trials before 
criterion is reached. The gradual improvement in performance that occurs 
over trials, as evidenced by the behavior of a large group of rats, is con- 
sidered to reveal the gradual establishment of a habit. One can then study 
the variables that influence habit acquisition; for example, strength of 
hunger drive during training, amount and quality of the drive-reducing 
commodity (ie., the reward or reinforcement), the distribution of train- 
ing trials, and a host of other variables, limited only by the imagination 
and ingenuity of the experimenter. 

Now, in pursuing such an experiment about 30 years ago, Wayne 
Dennis (1935) noticed something unexpected. He had assumed, along 
with other researchers, that the acquisition of the habit—say, of always 
turning right in the maze—was superimposed on an initially random proc- 
ess. That is, the rat’s behavior on the first few trials at least was ex- 
pected to be unsystematic. But Dennis found it to be quite the contrary. 
In particular, on examining the records of the early trials, he discovered 
the phenomenon of alternation: that is, if a rat made a right turn, for 
example, on the first trial, the probability was high that it would turn 
left on the second trial. Incidentally, this will happen, on the early trials, 
even if the rat finds food on the first trial. Thus, the behavioral stereotypy 
which emerges during the course of learning is superimposed on an al- 
ready existing and strong tendency toward behavioral variability, and 
variability that is systematic, not random. 

What Dennis did next, as any good scientist would, was to put aside his 
investigation of learning and to explore the alternation phenomenon. I 
have reviewed his and other work on alternation elsewhere (Dember and 
Fowler, 1958; Dember, 1961) and will not burden you with the details of 
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all those investigations. What is significant for this presentation is the 
assumption that Dennis made about what the rat was alternating with 
respect to. According to Dennis, the rat was alternating with respect to 
the maze arms. 

What other possibilities might there be? When an animal is observed 
entering the black goal arm, one could describe that bit of behavior by 
reference to the arm, as Dennis did, by saying that the rat entered the 
black arm, or the arm on the left, or perhaps the arm oriented toward the 
west. All such statements focus on the part of his environment with which 
the rat’s behavior brings him into contact. A different kind of assertion 
would focus on the behavioral act itself, and say that the animal made a 
left-turning response. 

If, on the next trial, the rat alternates, one could say, again with Den- 
nis, that the rat was alternating with respect to maze arms (he went into 
the black arm on the first trial, and into the white arm on the second). 
Or, from the other point of view, one could say that having made a left- 
turning response on the first trial (which happened to bring the rat into 
the black arm), the rat alternated by way of a right-turning response on 
the second trial (which happened to bring him into the white arm). 

Dennis’s view, which sees alternation as stimulus-alternation, not only 
has historical priority; it also would seem the more natural of the two ac- 
counts. Strangely enough, however, the response-alternation point of 
view was the one that prevailed. 

This happened, and quite obviously to one who is familiar with Ameri- 
can psychology, because there existed a dominant behavior theory which 
had the concepts available to allow the deduction of response-alternation, 
i.e., Hull’s (1943) learning theory. Within Hull’s theory is contained the 
concept of “reactive inhibition”; it is the function of the concept of re- 
active inhibition? to account for the process of experimental extinction 
and re]Jated phenomena—that is, the process whereby the animal stops 
making a learned response when that response is no longer followed by re- 
ward. In essence, reactive inhibition is a hypothetical quantity which 
grows each time a particular response is made. The size of the increment 
to reactive inhibition is a direct function of the amount of effort, required 
to make the response and also a function of how many times the response 
has been made. An additional property of reactive inhibition is that it 
spontaneously dissipates over time. The behavioral effect of reactive in- 
hibition is to decrease the tendency to make the response that gave rise 
to it. If you think of reactive inhibition as a fatigue-like state, its proper- 
ties and effects may become more readily apparent. 

The application of Hull’s reactive inhibition concept to the case of 
alternation behavior is straightforward. Whenever a response is made— 


3 An additional concept, conditioned inhibition, is necessary for a complete account 
of the extinction process. 
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say, a left turn in a T-maze—a certain quantity of left-turning, reactive 
inhibition is built up. Given a second trial, the animal will be somewhat 
less inclined than previously to make that response, and given no other 
compelling tendency to turn left, it will turn right by default, and thus 
will alternate. In these terms, alternation reflects the animal’s attempt to 
minimize the aversive consequences of its own responding. At this point, 
one might wonder why an animal behaves at all—why make that first 
left turn or the second right turn? Why not stay put in the starting alley? 
The answer, I believe, from the Hullian point of view is that the animal 
would be entirely quiescent were it not for the behavior-arousing physio- 
logical drives. That answer, by the way, expresses the essence of the 
“old look" in motivation, whether it be the version of the animal psy- 
chologists, such as Hull, or of the classical Freudian psychoanalysts.* 

To continue with the alternation story, recall that two accounts of 
alternation have beén proposed, which we will refer to as the stimulus- 
alternation hypothesis and the response-alternation hypothesis. The re- 
sponse-alternation" hypothesis was for several decades the generally 
accepted account, largely because of its nice fit within Hullian theory, 
but.also because it allowed for some testable derivations that were em- 
pirically confirmed.: For example, the response-alternation hypothesis 
predicts decreasing probability of alternation with increasing time be- 
tween the two trials; it predicts increasing probability of alternation 
with increases in the number of forced turns to one side of the maze prior 
to à free-choice trial: These and other predictions were confirmed, lending 
additional credence to the response-alternation hypothesis, but also addi- 
tional impact to the experiments next to be described. 

Since the conflicting hypotheses were designed to account for the same 
phenomenon—.e., alternation in the T-maze—any attempt to choose be- 
tween them must necessarily be based on some variation from the stand- 
ard procedure. A beautiful set of experiments was finally conducted by 
Murray Glanzer (1953a; 1953b) that permitted a clear choice between the 
opposing hypotheses. : 

Glanzer's theoretical position was derived from Dennis's. It asserted 
that alternation occurred with respect to environmental stimuli, not to 
the rat’s own prior responses. According to the theory, any time an or- 
ganism is exposed to a stimulus, a quantity, called “stimulus satiation,” 
is built up which has the effect of decreasing the probability that the 
organism will respond to that stimulus on future occasions. Note that 
this postulate is formally just like the reactive inhibition postulate in 
Hullian theory. Indeed, Gldnzer has endowed stimulus satiation with all 
the properties of reactive inhibition; for example, it accumulates with in- 
creasing exposure to a stimulus; it spontaneously dissipates in time, and 


4 Robert White (1959) has most clearly drawn the parallel between motivational 
concepts, old and new, in academic psychology and psychoanalytic theory. 
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so forth. As a result, Glanzer’s theory can predict equally as well as 
Hull’s the outcome of the experiments mentioned earlier relating to the 
interval between trials, number of forced turns in the goal arm, and so on. 

Beyond this, Glanzer devised some situations for which the two theo- 
ries make opposing predictions. One of these situations made use of a 
eross-shaped maze, as depicted in Figure 2. On a given trial, the 
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Fia..2. The cross-maze. The solid arrow represents the behavior of an animal on 
trial-one. Behavior predicted on trial-two is represented by broken arrows, one for 
the reactive-inhibition prediction, the other for the satiation prediction. 


maze is used as a T, with one of the two possible starting alleys blocked 
off at the choice-point. The two trials which any animal runs, however, 
are made from opposite starting alleys. For example, if on trial-1 a rat is 
started from the south starting alley, it will start its second trial from 
the north. 

Now, consider the rat, who, starting from the south, turns right on the 
first trial. According to reactive inhibition theory it should make a left- 
turning response on the second trial, regardless of the alley into which 
that response takes it. But, to alternate responses in the cross-maze, the 
animal must repeat maze arms. 
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According to satiation theory, that same animal, having been exposed 
to the white arm on the first trial, should avoid that arm on the second 
trial, and therefore should enter the black arm, even though that means 
repeating its previous right-turning response. The experiment suggested 
by these arguments was done and clearly confirmed Glanzer’s prediction. 
The rats were stimulus alternaters, not response alternaters. 

A second, and equally elegant experiment, was conducted, based on 
the following argument. According to the Hullian theory, reactive inhibi- 
tion following a response dissipates over time. Thus, if a rat makes a 
right turn and is then confined in the maze arm instead of being im- 
mediately removed, the reactive inhibition generated on the first trial 
should decrease in amount. A second trial, following a long delay in the 
maze arm, should be less likely to exhibit the alternation tendency than 
an immediate second trial. In addition, it should not matter where the 
rat spends its time during the delay. A long wait between trials outside 
the maze should have the same effect on probability of alternation as a 
long delay within the maze arm. 

From the point of view of satiation theory, it matters considerably 
where the rat spends its time, but matters little how it got there. Indeed, 
a long delay in a maze arm is really a longer than usual exposure to the 
to-be-satiated stimulus; the longer the exposure, the greater the satia- 
tion; the greater the satiation, the greater the probability of alternation. 
Thus, rats delayed in the maze arm should alternate more than rats 
given an immediate second trial, and rats delayed in the maze arm should 
alternate more than rats given an equally long delay outside the maze. 
Again, the data clearly confirmed Glanzer’s predictions. Rats are stimulus 
alternaters, not response alternaters. 

The dramatic success of Glanzer’s satiation theory made it worthy of 
further inspection and test. One such test, the first of the studies in which 
I was directly involved, examined the validity of the assumption that 
exposure to a stimulus per se is a sufficient condition for inducing alter- 
nation behavior (Walker, et al., 1955). For these experiments a simple 
modification was made in the standard procedure: instead of walking 
into one of the goal arms on the "exposure" trial, rats were placed in 
the arm by the experimenter. After an appropriate length of exposure, 
the animals were removed from the arm and given an immediate free- 
choice trial. Several variations of this procedure were run, but in no case 
was there any evidence that this “passive exposure" to the goal arm 
stimuli had an effect on the rats’ subsequent behavior. At that point it 
looked as though alternation depended on the rats’ making an active 
choice on the first trial. : 

Several years after those initial failures to find alternation following 
passive exposure, the effect was obtained in experiments by Glanzer, 
by myself, and by others. Why those earlier studies did not reveal the 


416 AMERICAN SCIENTIST 


effect remains a mystery. In a way, however, that failure was for- 
tunate, for it led to a pair of new experiments which are of great signif- 
ieance, at least for purposes of this presentation. 


Response to Change 

The first of the pair was based on the following argument. In the 
previous passive exposure experiments the animals were not in direct 
contact with the stimuli at the juncture of the choice-point and the goal 
arm. But that is the place at which the choice was to be made on the 
second trial. Thus, it would seem a fairer test of satiation theory if the 
first trial were so designed that the rat’s exposure to the goal arm stimuli 
occurred within a context that included the choice-point region. 

That argument was translated into an experiment (Kivy, Earl, and 
Walker, 1956) for which the standard T-maze was modified slightly 
by employing transparent glass doors instead of the usual opaque doors 
to block off the goal arms from the choice-point. These glass doors were 
already in place when the exposure trial began. When the rats were in- 
troduced into the starting alley, they could wander up to the choice- 
point and peer through the glass doors into the goal arms, but could not 
enter either arm on that trial. What the rat saw on the exposure trial 
was two goal arms of the same brightness, either both black or both white. 
The animals were given lengthy exposure trials to assure adequate satia- 
tion; they were then taken out of the maze, the glass doors were re- 
moved, and one of the goal arms was changed in brightness. 

The design of the experiment is given in Figure 3. It was expected 
that if Glanzer’s theory were correct, and if this version of the passive 
exposure procedure were the appropriate one, then those rats exposed to 
black goal arms on the first trial would enter the white arm on the second 
trial, and pice versa. And that is exactly what happened. 

Before discussing the second experiment of this pair, let me recall 
a comment I made earlier about Glanzer’s theory—that it was 
formally identical with the reactive inhibition theory, with the exception 
of the assumed source of the alternation tendency. The formal identity 
that I referred to was related to the postulates about the growth and 
decay of the inhibiting quantity. But there is another way in which the 
two theories are identical: for both, alternation behavior represents an 
avoidance response. For both, the animal does what it does on trial-two 
because it cannot do what it did on trial-one. Hull’s rat turns left because, 
in some sense, it is “tired of making right turns"; Glanzer's rat enters 
the black arm because it “can’t stand seeing whiteness,” not because it 
finds the black arm attractive.® 

5 The mystery may have been cleared up, and indeed the whole problem of alterna- 
tion behavior reopened, by an exciting group of experiments recently reported as a 
doctoral digsertation by Robert Douglas (1964). 


5 For a newer and more sophisticated analysis of alternation theories than the one 
offered here, see O'Connell (1965). 
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Now, during the time when we were working on these studies with 
Professor Walker, Robert Earl and I were beginning to develop some 
theoretical ideas about motivation which I intend to discuss more fully 
a little later. These ideas were stimulated in large part by the work I 
have been describing, but they also derived from a variety of other 
sources, including our own introspections. One notion we had was that 
it was inappropriate to consider the choices an animal or a person makes 
to be determined exclusively by avoidance tendencies. This might pre- 
vail in some instances, but there must also be cases in which an alterna- 
tive is chosen because it has positive valence, and positive in an abso- 
lute, not just a relative sense. 


Maze Arm 
left right 


Exposure W(B) W(B) 
Test B(W) W(B) 


Fie. 3. Design of the Kivy, Earl, and Walker experiment. On the exposure trial, 
the arms of the T-maze are both black or both white and the rat views them through 
glass partitions; on the test trial, the animal can choose between a black and a white 
arm. 


To develop this idea further, it was necessary to specify the properties 
of a stimulus object that would make it attractive to a given individual. 
In somewhat different language, our task was to specify the properties 
of what the learning theorists variously called “goal objects,” “incen- 
tives,” or "rewards." Within classical motivation theory, such objects 
were characterized either by their ability to reduce a physiological need 
or by their having been associated with such need-reducing objects. 
The former class constituted the so-called primary rewards, the latter 
class, the secondary or acquired rewards. Between them, the primary and 
secondary rewards comprised the entire set of goal objects. 

Now, it was our notion—and not ours alone, of course'—that this 
conceptualization of motivation and reward was incomplete; that there 
were goal objects other than those that reduced physiological need states. 

7 We were working within a tradition begun in recent decades by, among many 


others, Berlyne (1954, 1960), Harlow (1953), and Nissen (1954) and continued most 
recently by Munsinger and Kessen (1964), and Walker (1964). 
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Moreover, we believed that the slack could not adequately be taken up 
by reference to a vaguely specified set of acquired rewards. 

Let me postpone completion of this level of discussion and return 
temporarily to the real world of rats and mazes, beginning with another 
brief look at Figure 3, in which the Kivy experiment is diagrammed. 
While that experiment was designed as a test of Glanzer’s satiation theory 
and the results fit the satiation prediction, an alternative interpretation 
of what was going on in that experiment could be offered. It was my 
thought that what the rat was doing when it entered the white arm, 
after having been exposed to two black arms, was not avoiding further 
exposure to blackness; rather, on approaching the choice-point and not- 
ing a marked change in one of the goal arms—for example, the one 
changed from black to white-the rat responded to the change by enter- 
ing the changed arm and exploring it. I refer to this interpretation as the 
response-to-change hy pothesis. 

But an alternative interpretation is not worth much if all it can do is 
prediet experimental results that have already been obtained. To be 
taken seriously it must make unique predictions and preferably predic- 
tions that are opposite to those derived from the original theoretical 
position. What can the response-to-change hypothesis predict that will 
differentiate it from the satiation hypothesis? 

As so often happens, the answer to that question came by way of a 
mistake I made while describing the Kivy experiment to a psychology 
class. What I did, in effect, was to reverse the stimulus conditions that 
prevailed in the Kivy experiment; my erroneous description would be 
represented by the diagram in Figure 4. Here, on the exposure trial 
the two arms are different —one black and one white, and on the test 
trial they are of the same brightness, both black or both white. My 
initial response to the error in presentation was to apologize to the class, 
erase the mistake from the blackboard, and do it properly. Several 
hours later, while 1 was perseverating on this error, it struck me that 
my erroneous diagram provided the design for an experiment that 
would answer the question: how can the response-to-change hypothesis 
be differentiated from the satiation hypothesis? What would each of the 
two hypotheses predict were the experiment diagrammed in Figure 4 
actually run? 

First consider the satiation hypothesis. On the exposure trial, the 
animal is satiated for black and for white; on the test trial it is offered 
a choice between, say, two black arms. The satiation induced on the 
exposure trial would not bias it against either the black arm on the left 
or the black arm on the right. In short, the choices made by a group of 
rats should be distributed independently of the rats’ satiation ex- 
perience. 

The response-to-change hypothesis makes a different prediction. The 
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rat which saw black on the left and white on the right on the exposure 
trial and is then faced with two black arms on the test trial should be 
attracted to the changed arm—in this case the black arm that used to be 
white; that is, the arm on the right. 

The experiment suggested by this analysis was run (Dember, 1956), 
using the Kivy apparatus and generally following his procedures ex- 
cept for the configuration of the stimuli on the two trials. The rats’ 
behavior conformed to the response-to-change prediction, and this 
result has since been replicated by other investigators. 

The outcome of this experiment greatly encouraged Robert Earl and 
me to pursue the theoretical developments that we had been working on. 


Maze Arm 
left right 


Exposure B(W) W(B) 
Test W(B) W(B) 


Fra. 4. Design of the Response-to-Change experiment. Conditions are just the reverse 
of those in the Kivy, et al., experiment. 


Rather than dwell further on the details of where the ideas came from, I 
propose at this point to sketch the product of this thinking, which took 
the form of both some general hypotheses about motivation (that we 
called the Theory of Choice) and some specific experimental tésts of 
these hypotheses. 


The Theory of Choices 


From the experiments that I have described, from many that I do 
not have time to mention, and from the set of observations which form the 
base of those nonexperimental approaches to knowledge about man and 
his motives—such as philosophy and art—it is clear that the direction 
of an individual’s behavior is at least partly under the control of the 
stimulus objects and events surrounding him. It is clear also that one 
need not be suffering from physiological imbalance, or anticipating that 
state, to become interested in those external objects; it is clear that 


ê The theory is presented more formally and in greater detail in Dember and Earl 
(1957), Earl (1957, 1961), and Musselman (1963). 
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these objects of interest need not be potential restorers of physiological 
balance, nor even associated with such servants of the homeostatic 
process, in order to exert powerful impact ori the individual's behavior. 

What are these objects and events? For à rat, a change in the bright- 
ness of a goal arm in a T-maze; for a monkey, a toy railroad train run- 
ning on a table top; for a human baby, a rattle, its own fingers, plastic 
birdies swinging on a mobile over its crib; for the human adult, a painting, 
a puzzle, a pin-ball machine, a poem (1 am tempted to add “a partridge 
in a pear tree," perhaps to preserve the alliteration, but maybe also 
because it typifies a class of objects, characterized by incongruity, that 
has considerable impact on the direction of behavior). 

I have used the word incongruity; the items in the preceding list call 
to mind other terms, such as novelty, complexity, movement, uncer- 
tainty, ambiguity, and so on. There are specific objects and events, 
impinging on specific individuals at particular moments which might 
best be labeled by one of these terms, rather than another. For example, 
the rat entering the changed goal arm is responding to novelty; the toy 
railroad train is characterized, for the monkey, by movement; the 
puzzle by uncertainty, and so on. Rather than dwell on these fine distinc- 
tions, the Theory of Choice seizes on what they appear to have in com- 
mon, as objects or events, and on the way that they influence behavior. 

As objects or events, the items in the list share the property of being 
bearers of information. I use the word in the technical sense of Informa- 
tion Theory; these are objects or events which are unexpected, non- 
redundant, and which, when they occur, therefore reduce uncertainty. 
With regard to the perceiving individual, these highly informative ob- 
jects or events have the effect of arousing his interest, directing his at- 
tention, consuming his time and energy—at least if he is free to let them. 

The Theory of Choice asserts, then, that every object (let us drop the 
word, event, for convenience) can be assigned an information value, or 
a “complexity value,” as the theory was originally proposed; moreover, 
the theory asserts that the complexity of an object is a motivationally 
crucial property of that object, so long as that object is functioning as 
a goal object, and not simply as a means to another end. 

The next step in the development of the theory is hard to convey 
clearly without a lot of attendant discussion. It asserts that each in- 
dividual can also be assigned a “complexity value.” What we have in 
mind here is that for each individual there is some highest level of com- 
plexity, in the range of objects that he might encounter, which he is 
equipped to deal with comfortably and effectively. The individual’s 
complexity level is called his “ideal.” 

Some objects would for him be excessively complex; some would be 
too simple; some would be just right, as the baby bear’s bed was for 
Goldilocks, Objects that are too simple elicit boredom if they are un- 
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avoidable; objects that are too complex elicit fear, anger, and sometimes 
rage if one is forced to maintain contact with them. 

Quite obviously, then, if the individual is free to choose, he will prefer 
to encounter objects of a complexity level that matches his own. He 
will select them from among others if they are made available to him; 
he will seek them out if they are absent; he will work for them; and he 
will even learn what he must do in order to obtain them, all of these 
(select, seek, work, learn) behaviors that in classical motivation theory 
serve as indicators of the presence of a primary or secondary reward. 

While the theory expects that the individual will maintain consider- 
able contact with objects of ideal complexity in preference to objects 
of much lower or higher complexity, it also recognizes that nonideal 
objects will also be sampled by the individual. Indeed, it seems to be the 
case, as evidenced by some results that Earl (1957) obtained in his 
doctoral dissertation, that the modal amount of time goes not to the ideal 
stimulus, but to one that is just a little more complex than the ideal. 

We refer to that object as a "pacer," and attribute to it a special 
function. It is the pacer, if one is available, that enables the individual 
to change his ideal. As he maintains active contact with the pacer and 
eventually masters it, his own level of complexity grows, and he is ready 
for a new pacer and eventually a still higher ideal. 

Of course pacers are not always available, and there are probably some 
neurophysiological limits to perceptual and cognitive growth, but, in 
general, the theory takes the optimistic position that under the proper 
circumstances an individual’s complexity level can keep increasing and 
that learning can be achieved neither as a boring chore nor as a fearful 
burden. Indeed, the New Look in Motivation—of which the Theory of 
Choice is but a glance—has already invaded the classroom, or so I 
gather from a recent article by Robert Gross published in the New York 
Times Magazine, for Sunday, September 6, 1964. The article is about 
innovations in teaching techniques, and in one brief paragraph the 
author says “...Another element is a new consensus on motivation. 
Cumulative evidence from many sources—animal experiments, studies 
of how children learn, everyday observations of the way they really be- 
have—has shown up the inadequacies of old notions of motivation, 
based on reward and punishment, by demonstrating that human beings 
are born with the desire to know, the urge to explore and to master their 
environment, to achieve...” 

The ideas contained within the Theory of Choice are not especially 
novel. As I implied earlier, they can be found in the writings of many 
authors. For example, I was both dismayed and delighted to discover 
some very similar notions in the works of Herbert Spencer and Thomas 
Brown, two nineteenth-century philosopher-psychologists. The major 
innovation provided by the theory—I said this also about the New Look 
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in Perception—is its attempt at empirieal verification, which in turn 
implies an attempt at operational definition of its concepts, such as 
complexity, pacer, etc., and a related concern for measurement. 


Some Tests of the Theory 


A brief account of two experiments will serve to illustrate both the 
problem of measuring the concepts of the theory and the beginning steps 
that have been taken to solve that problem. In addition, the two ex- 
periments will reveal how the theory can be generalized to cover the 
phylogenetic range from rats to college students and stimulus materials 
ranging from visual patterns to poetry. 

The theory was first tested in an experiment with rats (Dember, 
Earl, and Paradise, 1957). A new piece of apparatus was constructed, 
the figure-8 maze, as illustrated in Figure 5. The rat, after several days 


Café Doors 


Fre. 5. The figure-8 maze. The rat is placed in one of the boxes at the juncture of 
the two loops, and enters the maze by pushing through one-way café doors. 


of taming, was introduced into the maze and then left there for about an 
hour. One loop of the figure-8 was lined with horizontal black and white 
stripes; the other loop was lined with vertically oriented stripes. The 
two loops were equal in total brightness. However, as the rat moved 
through the vertically striped loop, it experienced more changes in 
illumination that it did when moving through the horizontally striped 
loop. We assumed that, for the rat, the greater the number of illumination 
changes, the greater the perceptual complexity. Note that our assessment 
of the relative complexity of the two alternatives was based on intuitive 
judgment, and though derived from many years of intimate contact 
with rats, our judgment is ideally no substitute for a more direct measure- 
ment. 
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Now, the theory enabled the following prediction: any change in the 
rat’s preference for one of the loops, as indexed by the amount of time 
it spent in each loop over two consecutive daily one-hour sessions, would 
be in the direction from less complex to more complex. The basis of this 
prediction can be shown with the help of Figure 6. The rat that enters 
the maze with an ideal at C would have an initial preference for the more 
complex, ie., the vertically striped, loop and would maintain that 
preference, as long as it kept behaving in the situation. Rats entering 
at A would initially prefer the less complex loop; in the course of sam- 
pling both loops, however, their ideals might grow until they are close 
enough to the complexity of the vertically striped alternative so that 
it became preferred. Once that happened, if it did, a fixed preference for 


| H V 
A B C 
low hi 


Complexity 


Fie. 6. Two stimuli, H and V, and three hypothetical rats, arranged according to 
their complexity values. See text for explanation. 


the more complex loop would be evidenced. Rats entering with ideals 
at B might initially prefer either H or V, depending on which of the two 
they were closer to, but if their preference changed, once again the change 
could occur only from H to V. 

The data collected from 17 rats conformed very well to the prediction, 
but the sample was small and the procedure somewhat informal, to be 
excused on the grounds that this was a “pilot study." Therefore, a second 
experiment was conducted, with a neater procedure—for example, 5 
daily sessions were conducted rather than just 2—and with a change in 
the patterns lining the two loops. In this case, the horizontally striped 
loop was contrasted with a plain black loop for half the rats and a plain 
white loop for the other half. Here the intuitive judgment about which 
was the more complex seemed less equivocal; clearly the horizontally 
striped loop was now functioning as the more complex alternative. The 
same prediction was made—any change in preference would be from the 
less to the more complex loop, i.e., from plain to horizontally striped, 
but not vice versa—and again was convincingly verified in the data. 

The theory so far has been successful with rats, but what about 
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people? I have already mentioned Earl’s doctoral dissertation, in which 
the subjects were 12-year-old children, and the stimulus materials were 
puzzles which the children were allowed to work on. I am also aware of 
an attempt by some colleagues at the University of Chicago to run (liter- 
ally) children in a human-size version of the figure-8 maze, complete 
with horizontally and vertically striped loops. There the results were a 
bit messy, but they probably should have been. 

Closer to home is an experiment conducted by Richard Kammann 
(1964) as his doctoral dissertation at the University of Cincinnati. 
This is.the study in which the stimulus material was poetry. 

I think it is clear that the physiological-need approach to motivation 
would be hard pressed to predict which of a set of poems would be pre- 
ferred by college students. What can the Theory of Choice, as a repre- 
sentative of the New Look in Motivation, contribute to this problem? 

A poem, like any other stimulus, has a complexity value, which is the 
resultant of a whole set of formal, or structural properties of the ele- 
ments of the poem—for example, its meter, rhyme scheme, etc.—as 
well as semantic properties, relating to the meanings of individual words 
and phrases. Also contributing to the complexity of a poem is the am- 
biguity of its total message—the meanings of the individual words may 
be clear, but the poet’s intent may not. In addition to these formal and 
nonformal sources of complexity is the factor of familiarity. It seems 
reasonable to anticipate that even the initially most complex poem would 
lose in complexity as it became more and more familiar to, and better 
and better understood by, a particular reader. “A rose is a rose is a rose" 
is a very unlikely sequence of words, but not to someone who has heard 
that line a few times. This last consideration suggests that it might be 
futile to attempt an assessment of the complexity of a given poem with- 
out interposing the intended reader of that poem. In short, he is the one 
who should, in effect, tell us how complex that poem is for him. But how 
might that be done? 

One could try a direct approach and simply ask subjects to rate poems 
according to their complexity. This seemed too simple-minded, however, 
and while it might work, its usefulness would appear limited. A some- 
what less direct approach to measuring poem complexity was sought by 
Dr. Kammann and found in what is referred to as the Cloze technique. 

Suppose I show you the letters CINCINNAT-, with a blank space for a 
final letter, and I ask you to guess what single letter belongs in that 
space. I believe you would have little difficulty in correctly guessing the 
appropriate letter. It is really terribly redundant, and I am sure that a 
piece of mail addressed to the city of Cineinnat" would not be delayed 
any longer than usual. 

Suppose, however, at the opposite extreme, I randomly selected a 
sequence of 9 letters and asked you what the 10th should be; the 
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redundancy of that last letter, and hence its predictability by you, would 
be greatly reduced. 

We could play the same game with sequences of words, deleting say 
every fourth word in a passage and asking people to fill in the blanks. 
Their ability to make correct guesses surely would reflect the internal 
redundancies within the word sequence. This, in essence, is the Cloze 
technique. It was developed, incidentally, as à measure of readability 
to corapete with the popular Flesch count. 

Dr. Kammann saw in the Cloze technique a possible way of measuring 
the complexity of a poem. He argued that the higher the Cloze score 
associated with a given poem—the greater the number of blanks prop- 
erly filled in by a subject, or group of subjects—the less complex it was 
as a total stimulus object. 


A, 2 ringing health, ______ the king 

of _________ our hearts to-day! —— — what proud song 

———  ——- follow on the _________, nor do him m —.? 

Unless the sea ———— harp, each mirthful 

Woven of the _________ of the nights ____ Spring, 

And Dawn —_______ lonely listener, glad ________ grave 

With colours ________ the sea-shell the wave 

In ________ eye and cheek, _________ is none to 

Drink to him, _________ men upon an ________ peak 

Brim one. — —. cup of crimson —_______, 

And into it ________ one pure cold ________ of snow, 

Then ________ it up, too _______ to speak 

And ——— —to the mountains, _____ on glittering line, 
away into the _____ -glow. 


Fra. 7. One of the un-clozed poems (for the Hightieth Birthday of George Mere- 
dith) used in the poetry experiment. The deleted words, in order, are: health, unto, 
all, But, should, thought, wrong, were, string, lightning, of, the, and, of, and, brighten- 
ing, there, sing, as, Alpine, immortal, wine, drop, crust, hold, rapturously, drink, line, 
surging, sunset. 


The rest should now be obvious. A set of 15 poems was selected, which 
seemed a priori to cover a wide range of complexity values. Every fourth 
word was deleted from each of the poems, beginning with the second 
word, and these '"unclozed" poems were given to college students, whose 
task it was to guess what word belonged in each blank space. One such 
fragmented poem is shown in Figure 7. 

On the basis of the subjects’ performance, the poems could then be 
ranked according to their complexity. At a later date, these same sub- 
jects were given the intact poems and asked, among other tasks, to rate 
them on a good-bad scale and to indicate which they would like to have 
the opportunity to memorize, to hear discussed by an expert, etc. 

Among the many interesting results that were obtained, the two 
most pertinent were that the poems of intermediate complexity were 
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given the highest “goodness” ratings and that the subjects’ own ability 
to guess the missing words in all the poems—what one might call the 
subjects’ “clozability’”’ score—was highly correlated with the complexity 
of the poems they said they would prefer to memorize and hear discussed 
by an expert. 

This brief description fails to do justice to a very complex and clever 
piece of work, but it does indicate a promising approach to the measure- 
ment of the concepts in the theory. In addition, it may suggest the scope 
of coverage that the theory is seeking. In this latter respect, the 
theory is quite representative of those that comprise the New Look in 
Motivation. 
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The U. S. Atomic Energy Commission, through its Division of 
Biology and Medicine, will support the preparation and publica- 
tion of constructive reviews of scientific areas related to the Com- 
mission’s bio-medical research program. 

The critical, “creative” review is assuming an increasingly im- 
portant role in the process of summarizing and evaluating process 
in many areas of scientific activity. For its purposes, the AEC 
Division of Biology and Medicine conceives this type of review to 
be not simply a condensation of existing literature on a subject, 
but a review which within its delineated field of interest, defines 
the scientific objectives of the field, examines the prevailing con- 
cepts or hypotheses, and considers critically the state of existing 
knowledge. Such a review offers the opportunity to synthesize new 
concepts. 

Preparation of such an interpretive and creative review is thus 
seen as a research project in itself, and as such it deserves to be 
vigorously fostered by the scientific community. To carry out its 
part of the responsibility, the Atomic Energy Commission’s Divi- 
sion of Biology and Medicine invites inquiries from scientists who 
are knowledgeable in fields related to radiation biology (not limited 
to radiation studies) and who see value in devoting six to twelve 
months of concentrated effort, on leave of absence from their usual 
duties, to study, travel, discuss and write. A research contract 
with AEC would pay full salary, travel and secretarial costs. 
Inquiries should be addressed to the Director, Division of Biology 
and Medicine, U. S. Atomic Energy Commission, Washington, 
D.C. 20545. 
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SEMANTICS, OPERATIONALISM, AND THE 
MOLECULAR-STATISTICAL MODEL 
IN THERMODYNAMICS 


By JOHN R. DIXON and ALDEN H. EMERY, JR. 


OOKSHELVES creak under their thermodynamic load: Ther- 
B modynamics, Engineering Thermodynamics, Thermodynamics for 
Engineers, Chemical Thermodynamics, Equilibrium Thermodynamics, 
Non-equilibrium Thermodynamics, Statistical Thermodynamics, Concepts 
of Thermodynamics, Analytical Thermodynamics, The Nature of Thermo- 
dynamics, Thermostatics and Thermodynamics, Thermal Physics, Thermo- 
physics, Modern Thermodynamics, Elements of Thermodynamics, Equi- 
librium Statistical Mechanics, Heat, Thermodynamics, and Statistical 
Physics, ete., ete., ete. 

Students creak under their thermodynamic load: What is tempera- 
ture?, Heat is that which..., Work flows when..... , Energy, Internal 
Energy, Reversible, Irreversible, Specific heat at constant..... , Adia- 
batic, Isothermal, Gibbs Function, Helmholtz Function, Fugacity, 
Activity, Enthalpy, What is enthalpy?, Flow work, Shaft work, Satu- 
rated Vapor, Ideal Gases, Van der Waals, Polytropic, Carnot, Mean 
speed, Most probable speed, Root mean square speed, Entropy, Avail- 
ability, Onsager, etc., etc., etc. 

Teachers creak under their thermodynamic load: Why are there so 
many thermodynamic books? Why are there so many thermodynamic 
equations? Why is thermodynamics mysterious to students? Why is 
thermodynamics such a controversial pedagogical subject? Why are 
there ‘so many different kinds of thermodynamics? 

How can students and teachers make sense out of this maze and avoid 
thermodynamic insanity? 

The first step towards modern thermodynamic peace of mind is to 
realize that there are four, not two, basically different approaches to the 
subject of thermodynamics. It isn’t sufficient to speak only of the 
“classical” and "statistical" approaches. Two of the four approaches are 
macroscopic (classical) and two are microscopic (statistical). One of the 
macroscopic approaches is called operationalism and is epitomized in the 
work of P. W. Bridgman (1927, 1936, 1941). Unfortunately, Bridgman’s 
books are not suitable texts. Most texts, such as Van Wylen (1959), adopt 
the other macroscopic approach which is best called the axiomatic ap- 
proach. Sometimes lip service is given to operationalism in these texts but 
the general approach is that of stating axioms and definitions from which 
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all else is deduced. Taken together, the operational and the axiomatic 
approaches are called the classical or macroscopic approach, but it 
should be remembered that their starting points are considerably dif- 
ferent. Operationalism starts with experience and induces the laws. 
The axiomatic approach starts with definitions and axioms and proceeds 
deductively. 

One of the two statistical approaches can be called the classical 
statistical approach. It is epitomized by Sears (1950). The statistical 
approach which develops thermodynamics out of information theory 
is found in Tribus (1961). The starting points of these two microscopic or 
statistical approaches are also considerably different. 

Once it is understood that there are four extant philosophies of thermo- 
dynamics, the second step towards sanity is to realize that people and 
their experiences are macroscopic. This is obvious, but fundamental and 
perhaps even profound. 

The following appears in a recently published book (El Saden, 1965): 
“Matter, as we perceive it with our senses, contains an enormous number 
of particles....” Such a statement is nonsense and is an excellent il- 
lustration of what happens when man begins to think of his own mental 
constructs as “real.” Man is macroscopic. Our experience with the 
physical world is macroscopic. The third step towards modern thermo- 
dynamic sanity, then, is to become aware again that the microscopic 
atomic-molecular world is a mental construct of men. It is a model. 
Experience and "reality," of necessity and by definition, are macroscopic. 

It is often claimed that the statistical approaches to thermodynamics 
“explain” the classical results. Thus, the argument goes, statistical 
approaches are more “basic.’”’ It is important to understand that the 
“explanation” provided by a molecular-statistical model is within the 
framework of the model itself; that is, in terms of a mental construct. 
When a result is obtained from analysis of a statistical-molecular 
model that corresponds to or predicts a macroscopic observation, it is to be 
remembered that the observation justifies the model and should increase 
our confidence in and appreciation of the model. But such an experience 
does not say anything about the reality of the model. The model should 
remain a model; it does not lose beauty or strength or usefulness by re- 
maining a model. 

The fourth step for modern thermodynamic peace, therefore, is 
properly to understand the relationship between macroscopic observa- 
tions and microscopic predictions. The observations justify the model. 
The model is useful in providing a mental construct which aids in ‘‘under- 
standing” and interpreting the observation, but the “understanding” 
remains within the framework of the model itself. It is no less useful there 
because it can be used to suggest new experiments and lead into new 
directions where solely macroscopic arguments are unlikely to go. 
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' Four steps to thermodynamic peace of mind have been outlined: (1) 
attention to the fact that there are four, not two, different approaches 
to the subject; (2) recognition of the fact that man is macroscopic; (8) 
realization that the atomic-molecular world is a mental construct of men; 
and (4) understanding of the proper relationship between macroscopic 
observations and molecular-statistical models. With these steps taken, 
it is possible to dispose of the idea that either the macroscopic or the 
microscopic view is the more “basic,” or the more important, or the more 
useful. There is no need to establish a scientific status scale. Both views 
should be taught to students, together with the truth about relation- 
Ships between them. 

There remain many questions about the pedagogy of thermodynamics. 
If the principle is accepted that learning is a growth of experience and 
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best proceeds from the known to the unknown, then. it is appropriate to 
examine the teaching of thermodynamics from the viewpoint of the 
experience of the students. In doing so, it is helpful to consider first the 
semantics and then the operationalism of thermodynamics. The semantic 
view is based on perception; the operational view on measurement. 


Thermo-semantics 


First look at the concepts involved in thermodynamics from the point 
of view of everyday experience. What are the relevant concepts that one 
gets before taking courses in science, from personal experience with the 
world? Concepts that are brought to the first day of thermodynamics 
class? See Figure 1. 

At the bottom is raw non-verbal experience, life as it is lived. The 
first level of abstraction contains the concepts perceived directly; 
namely, length, force, time, and a crude sense of “temperature” as hot 
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or cold. These are perceptions made without the aid of instruments other 
than our own human senses. Thus, on this level, the crude temperature 
perceived is quite different from a reading on a thermometer. Time is not 
the reading of a watch, but the sensation of elapsed time, which is 
frequently much different from what the watch says. (Some other things 
are perceived directly, such as pressure, area, and volume—but these are 
of secondary importance in discussing thermodynamics.) 

At the second level of abstraction are things not directly sensed, but 
which are created out of combinations of concepts at the first level. From 
the force it takes to lift something against gravity, an idea of mass is 
formed, but mass is not directly experienced. Velocity is not perceived 
directly, but deduced from the distance covered in a certain time. The 
time involved in our crude construction of velocity may be only a fraction 
of a second, but it is not instantaneous (try batting your eyes open and 
closed once quickly to determine how fast a car is going). The best that 
can be done in the perception of acceleration is the force with which it 
throws a person against the seat cushions (or dashboards). Work" in 
everyday parlance is different from the scientific “work.” Most persons 
consider that they are working hard if they are using their muscles hard 
(force) over a period of time. The perception of exhaustion correlates 
with this, rather than any distance involved. 

On the third level of abstraction concepts are formed again from those 
below. An idea of mechanical energy is formed from the exertion it takes 
to get a car rolling, and perhaps also the speed that results. Likewise, a 
crude notion of heat is obtained from our experience with teacups and 
spoons, bricks and bathtubs and their relation to mass and temperature. 
And this is probably as high an abstraction as most people obtain from 
life experience with the concepts relevant to thermodynamics. 

This has been a crude, qualitative, or only semi-quantitative anal- 
ysis of the levels of abstraction that people build from their experi- 
ence, unaided by science. It is analogous to the descriptions séman- 
ticists give for the way people abstract from their experiences. Science 
enters when measurements are made, and this is called operationalism. 


Operational Thermodynamics 


An operation is an activity. An operational definition does not describe 
a thing; it specifies how to measure it. Using operationalism, science has 
progressed far beyond sensory experience and a lot of concepts never 
experienced are now accepted as given and rudimentary. That is, the 
bases of science, though perhaps historically suggested by common 
human perceptions, are now broadened to include anything that can be 
measured that seems useful. 

Furthermore, once the making of measurements is begun, a unit is 
needed for the number, and this means that special pieces of metal in 
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vaults and special meter sticks and special parts of our experience (such 
as pendulums, and boiling water) have a special importance in the scheme 
of things. They, and not direct human experience, become the primary, 
irreducible plane of reference. Man becomes less a taster of life and more 
a referee of operations and a numbers clerk. 

'To make sense out of all this, it is necessary to back up and take the 
look that P. W. Bridgman (1927) took some years ago. Operationalism, 
like semantics, starts with the proposition that a concept is to be under- 
stood by the operations involved in measuring it. In semanties, these 
operations are either perception or the process of abstraction. In science, 
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Fie. 2. Structure of operational thermodynamics. 


they are either instrumental operations, such as using a pressure gauge, or 
a pan ‘balance, or a Geiger counter, or a cloud chamber; or they are what 
Bridgman calls paper-and-pencil operations, such as calculating a veloc- 
ity, or potential energy, or work, or internal energy, or the charge of an 
electron. 

An analysis of thermodynamic concepts in this way, with the first level 
of abstraction occupied by things measured directly, is shown in Figure 2. 
This figure resembles Figure 1, because thermodynamics is an old science 
and started from simple human experience. But now there are some 
things on the first level that can be measured directly but cannot be 
experienced directly. Mass is an example. (Dotted lines on the figure 
enclose and connect concepts from other fields.) 

The second level of thermodynamic abstraction contains some things 
that sometimes are measured directly, but more often are calculated from 
other things that are measured. 
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The third level of abstraction contains things which cannot be meas- 
ured, but which have to be calculated. From this level up, ther- 
modynamies is completely in the realm of paper-and-pencil operations. 
Since every concept is to be understood in terms of the operations which 
produce it, each step up becomes more abstract and, naturally, under- 
standing of the higher levels becomes difficult. At the top of the abstrac- 
tion ladder are the free energies and the chemical potential. (Actually, 
fugacity and activity are defined from chemical potential. However, it is 
finally possible to relate fugacity to pressure, and activity to concentra- 
tion, both by means of an equation of state. Fugacity is then under- 
standable as a modified pressure and activity as a modified concentration. 
Such understanding takes them away from the abstract.) 

Now, how does the atomic-molecular model fit into this picture? 
Boltzmann statistics and information theory make the connection with 
two key equations of the form: 


E= L Niti 
i 
S=kn W 
or S = —k 25 p: ln pi 
$ 
where 
E = energy 
nm; = number of particles in ?*^ state 
e = energy of it state 
S = entropy 
k = Boltzmann’s constant 


W = thermodynamic probability of a macrostate 
pi = probability of particle occupying it? state 


The symbols # and S represent concepts in operational thermo- 
dynamics and the others represent concepts in the molecular or informa- 
tion model. If it is to be said that the molecular picture is more basic, 
and that one can derive the thermodynamic concepts from the molecular, 
then this would mean that the molecular concepts are lower on the 
ladder of abstraction. However, it is impossible to derive the molecular 
concepts from anything else and it is obvious that macroscopic man 
cannot experience molecular effects directly. Thus, there is a dead end on 
the ladder pointing down towards experience or direct measurement, 
which is not allowed. The situation really has to be the other way around; 
the thermodynamic concepts are used to define the molecular. The 
molecular concepts are more abstract, and are above the thermodynamic 
on the ladder of abstraction. From the standpoint of operationalism, 
then, the atomic-molecular view has to be explained by thermodynamics, 
rather than the other way around, as is currently popular. 

Of course, the atomic-molecular model is useful in other fields, too, and 
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one reason for introducing the connection into thermodynamics is to 
show the unification of science. But even in these other fields, the atomic 
hypothesis is a high abstraction; it is to be understood by things lower 
than it on the ladder of abstraction, such as data on gaseous effusion 
experiments, or spectroscopic lines, or diffusion data. 


Pedagogical Thermodynamics 


How do the semantic and operational analyses of thermodynamic 
concepts bear on the problems associated with teaching thermo- 
dynamics? As noted above, this teaching is generally approached axio- 
matically or statistically. There are two major points to be made here in 
this matter. The first has to do with what the students already know 
when. they come into a college-level thermodynamics course. They 
already know the so-called Zeroth, First, and Second Laws of Thermo- 
dynamics on, the level of experience. They do not know, however, that 
they know. They cannot verbalize or symbolize the laws in a way that 
makes thermodynamics teachers happy and they haven’t made the 
deductions and generalizations from the laws that lead to concepts like 
entropy. But they know the meaning of the laws because they will use 
them correctly in problems and they will not violate them when solving 
problems. 

When asked, for example, what happens to two blocks of copper 
initially at different temperatures left alone together in an insulated 
container, they will all reply that the blocks will come to the same 
temperature. Of course, if asked how they know, they usually say 
“Because it is a law of nature.” This is a lovely opportunity to point out 
that the opposite is true; that is, that it is a law of nature because it 
happens. It is clear, however, that they know the Zeroth Law and have a 
working, if not verbal, concept of equality of temperatures. 

When asked to compute the final temperature of the blocks, or the 
velocity of a block after falling freely a distance h, or the temperature 
rise of a gas when stirred by a given rate of paddle work for a given time, 
they will correctly use conservation of energy. This time when asked 
how they know, a few brave student souls may venture forth with some- 
thing like “Because it’s consistent with our experience in these situa- 
tions." Progress. 

Finally, when given a simple water-water heat exchanger, they will not 
assume that the temperatures of two streams cross. They will laugh if 
told that a hotter copper block got hotter while a colder one got colder, 
all consistent with energy conservation. If told by the teacher that he 
once saw a block slide up a plane and get cold—consistent with energy 
conservation—they will walk out of the class. They know the Second 
Law, too, in the sense that they know that processes only occur one-way 
in nature. This is a good time to point out that the First Law, a con- 
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servation law, should be expected to lead to a property which is conserved 
(energy) but that the Second Law, a one-way law, should be expected 
naturally to lead to a property which only goes one way (entropy). 
After all, that would then be consistent with their experience, wouldn’t 
it? 

The first point to be made about teaching classical thermodynamics, 
then, is that students come to the course with a working understanding 
of the laws, but lack a verbal or symbolic structure of knowledge about 
them. The rather elaborate symbolic structure should therefore be care- 
` fully tied to their experience and they should be repeatedly reminded of 
the fact that their own experience, plus some thought led by the teachers, 
leads to all the consequences being discovered. It is neither mysterious 
nor a matter of memorizing a myriad of definitions or axioms. 

The second point to be made about teaching classical thermodynamics 
has to do with the degree of abstraction involved. Starting with a strictly 
operational approach is a great aid here. The reason operationalism helps 
here is simply that it makes clear the degree of abstraction involved. At 
the outset the need for defining certain quantities in terms of operations 
(activities of the process of measurement) is made apparent. One cannot 
define length, mass, force, or time in words. 

It should be noted that concepts on each level of the abstraction ladder 
must be defined in terms of less abstract terms and that proceeding up the 
abstraction ladder moves one farther and farther from actual experience. 
Generalizing, or developing and dealing with, abstract quantities is an 
extremely difficult mental activity. Other courses in engineering (the 
electrical engineering concept of a field is a possible exception) do not 
require anywhere near the degree of abstraction that is required in 
thermodynamics. By pointing out to students the extreme height of the 
thermodynamic abstraction ladder, the reason for the mystery surround- 
ing à concept such as entropy is apparent to them. At least they are no 
longer mystified about why they cannot understand what entropy is. 
This also sets the stage for an “explanation” in terms of a molecular- 
statistical mental construct or model. 


Summary 


There are really four, not two, kinds of approaches to the subject of 
thermodynamics. Operationalism and the axiomatic approach are macro- 
scopic approaches; statistical mechanics and information theory are 
microscopic approaches. Examination of the semantic and operational 
structure of thermodynamics and the realization that man and his 
experience are macroscopic show that the atomic-statistical model 
must be more abstract than certain macroscopic concepts. If introduction 
of the subject is to use and extend the experience of the students, then it 
should begin with operationalism, the only place where an understanding 
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‘of the concepts in terms of experience can be had. Teaching can then 
proceed to either the axiomatic approach, for the beautiful (if dull) clear 
and logical deductive development, or to one of the molecular approaches 
for an interpretation of thermodynamics in terms of the molecular model 
now in common use for such purposes. 
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THE FINE STRUCTURE OF THE BACTERIAL 
CELL AND THE POSSIBILITY OF ITS ARTI. 
FICIAL SYNTHESIS* 


By ERNEST C. POLLARD 


N THE past decade a scientific revolution has taken place, which is 
I perhaps the greatest scientific revolution of all. I refer to the achieve- 
ments of a strangely assorted group of geneticists, biochemists, virologists, 
physicists, classical biologists, and even engineers, who have founded the 
strangely named, but powerful, subject of molecular biology. These 
individuals are not a homogeneous group; they are bound by little more 
than an intense intellectual fervor; they can disagree sharply with one 
another, and they aecord respect to anyone with the greatest personal 
reluctance. These are all symptoms of men of science who have suddenly 
developed sharp insight and who are building a doctrine which will be 
used to interpret living things for the future, and probably the long 
future. 

To set this revolution in perspective, let us look at a comparable revo- 
lution in physical science, the revolution which took place at the turn of 
the 20th century, when in a few years we witnessed the discovery of the 
electron, of X rays, of radioactivity and the atomic nucleus, of the inter- 
pretation of spectra, and of the nature of solid matter. In about 40 years 
from the first of these discoveries the claim could fairly be made that a 
complete understanding of normal inanimate matter had been attained by 
science. In this claim cosmology is excluded, and also the high-energy 
features of the atomic nucleus. What is meant is essentially this: that for 
anything which can be touched or perceived in the ordinary room, one 
can find, somewhere in the world, an expert, who can tell you the precise 
structure of that object, how to alter it to your will, or that it cannot be 
so altered, if it is inherently impossible to do so. Some latitude must be 
allowed in this claim, bearing in mind that expense and time could be 
involved, and we are cheerfully assuming that they represent no problem. 

Now the suggestion I am making about the revolution in biology is 
that in 30 more years, or, again, 40 years from the start, it will be possi- 
ble to name any part of an organism, to find someone somewhere in the 
world who can tell you its precise structure, how to alter it to your will, 
or that it is inherently impossible to do so. This revolution, unlike the 
revolution which concerned inanimate things, not only affects our en- 
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vironment, making it easier for us to live in it, but it concerns ourselves 
as living beings. If we widen our imagination a little, we can see that we 
shall not only have a profound ability to control disease, far beyond our 
present ability, but we shall also be able to control factors which now are 
outside our powers. To show the kind of potential ability we might have, 
we should by then understand memory, and indeed intelligence, and we 
should, therefore, be able to cure our memory and intelligence defects, 
by going to the appropriate biological engineer, and getting the proper 
operation done on us. Clearly, the social revolution which could result is 
not to be belittled, and it is indeed latent in the growing power of inter- 
pretation given us by the molecular biologists. 

If this claim is made honestly, then it should be followed logically to 
the conclusion that if we understand a cell we should be able to make 
one; hence the title of this lecture and the examination of what the task 
would entail, and what might be the discoveries made on the way, if any. 
So the goal of the lecture is to try to present the character of the structure 
and working of the bacterial cell in a way that will provoke thought 
about the problem of its artificial synthesis. 

Three further things need to be said before undertaking this task. The 
first concerns the choice of the bacterial cell. Why not a virus? Why not a 
human cell? 

A virus has been, to my mind, already synthesized. There are at least 
four laboratories in the United States alone where nucleic acids are being 
made from cell-free systems. One of these nucleic acids has presumably 
had the necessary length and complexity to provide the code for two 
enzymes and so one can say that a virus has been made. The problem is 
finding the necessary host, and this highlights the basic objection to 
choosing a virus to represent the achievement of construction of a whole 
cell: it is not, alone, fully representative of life. So, at least as far as I am 
concerned, I cannot feel that the true challenge has been met when we 
have made a virus. Now if we choose to set up the task of making a 
human cell, we are involved with something which is not normally found 
out of contact with 10! other cells in some living being, with a cell which 
bears the characteristics of that sheltered existence, unusual size, and the 
presence of subunits which are part of its functioning—organelles such as 
mitochondria, for example. At the moment, it seems to be unnecessarily 
hard, though biological discovery may well show this conclusion to be 
wrong one day. However, for the present let us accept this view. The 
bacterial cell, which is quite capable of autonomous existence, under 
conditions which are most adverse, is certainly living* and certainly a 
challenge sufficiently great to us at present. 


* Studies made by individuals interested in means for testing for life on Mars [1] 
indicate that nowhere on the surface of the earth can one select a gram of soil without 
also selecting 10,000 (minimum) living organisms. 
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The second preliminary thought concerns what we mean by the arti- 
ficial synthesis of a cell. By this I mean that we could start from the 
elements of a cell; carbon, nitrogen, hydrogen, oxygen, phosphorus, and 
sulfur plus the trace factors, and assure ourselves that there was no 
mystery about completing each necessary step all the way from the 
elements to the newly living cell made from those elements, without 
necessarily actually completing more than one step at a time. If some 
necessity arose to marshall money and scientists to do the whole task, as 
was found to be the case for controlled nuclear reactions and radar, then 
it could be done. Knowing how to do it is what we are discussing. 

The third preliminary thought is of great importance, especially to 
biologists. To make the point, I shall return to modern physics. The dis- 
coveries concerning the atom and the atomic nucleus, particularly the 
latter, a school of thought in which I began my scientific work, could 
never have been made with our eyes directly: they had to be made by 
hypothesis and the test of experiment or, in better terms, by accurate 
imagination. Thus, the fact that we can never see an atom of sodium 
doesn’t prevent us from knowing the orbitals which characterize its 
structure, and if we want to construct models which represent our 3deas 
of these orbitals we can do so; and such models are often very useful to 
students who are interested in the way in which atoms behave, particu- 
larly in relation to one another. Molecular biology has already shown that 
many of the essential operations of the living cell take place at small 
molecular dimensions, and so we cannot hope to see both the molecule 
and how it is working at the same time. Thus, we are once again forced 
to the position of the physical scientist, and must use accurate imagina- 
tion to describe the cell, if we want to use enough detail to see the mecha- 
nisms at work. 

This leads to the final introductory remark. In what follows we shall 
have to draw thought pictures, already known to the physicist, and 
engineer as "schematic diagrams." They are to be interpreted as figures 
to aid thought, with those features which need to be considered placed in 
stress. They are not supposed to be accurate pictures of the particular 
feature of the cell involved. 

It is planned to present some electron-micrographs to reassure the 
reader that actual pictures do exist, though even these can be under- 
stood only if the preparative procedures are known, and so they, too, 
while very impressive are also thought pictures in reality. Then, a de- 
velopment of schematic pictures of the operation of the cell will be made. 
Finally, the possibility of making a cell will be considered. 


The Bacterial Cell: DNA and RNA and Their Location 


In Figure 1, a very beautiful electron micrograph of the bacterial cell, 
E. coli, is shown. It was taken by Dr. Lucien Caro, now of the Oak Ridge 
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National Laboratory, who started his graduate work in my group at 
Yale. It is a thin section, and it shows the outline of the cell. The black 
dots which fill the majority of the cell are probably ribosomes, and the 
relatively clear part, which shows some evidence of fibrils and some 
structure in the fibrils, we can call the nucleus. Before we discuss the 
features of interest in this cell, an inventory of its contents, given in 
Table 1, is useful to have. 


TABLE 1 
OUTLINE OF NATURE AND CONTENTS OF A BACTERIAL CELL 
Length, 3 microns, Diameter, 1 micron 


Volume: 2.2 X 107}2 cc 
Water 70%; and of what remains: 


DNA 38% Protein 70%: 
RNA 12% Ribosomes (10,000) 
Enzymes 
Surface structural protein 
Lipid 6% 
Phospholipid 4% 


Polysaccharides 5% 
DNA in one, two, or three continuous units 
Molecular weight 2 X 10? 
RNA in three forms 
Ribosomes: RNA—protein particles, 3 X 10° MW 


To comment on this table, we can point out that the cell, at a diameter 
of one ten-thousandth of a centimeter is already very close to the wave 
length of visible light, so that as we look at it in the microscope we al- 
ready, even for its outline, must consider that it is scattering and dif- 
fracting light and judge if our conclusions from what we see are correct. 
Any internal structure we "see" must definitely be considered as scat- 
tering centers and judged accordingly. 

The cells appear to be very wet, with 70% water. But once again, 
remember that the hard-boiled egg at breakfast, with its firm denatured 
albumin, has 50% water, and isn’t very "sloshy." So with that 70%, the 
bacterial cell hasn’t too much excess water to act simply as a solvent. It 
isn’t very “‘sloshy” either. 

If we proceed beyond the water, then the major component is protein, 
distributed as indicated. The ribosomes are particles which involve RNA 
as well as protein and are vital to the process of protein synthesis as we 
shall see later. The enzymes are biological catalysts, which get all the 
chemistry of the cell to go, and the membrane of the cell has some re- 
markable protein in it, possibly only for structural purposes, possibly not. 

Of the remaining components we can really concern ourselves only 
with the DNA and RNA. DNA, deoxyribonucleic acid, is the hereditary 
material of the cell, and RNA, ribonucleic acid, is the material which 
insures that the orders of the DNA get executed. Of great interest is the 
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molecular weight of the DNA: it is two billion, and this figure is a true 


molecular weight in the sense of Avogadro and Cannizaro; if one atom is 
removed from it, there is a change in observable properties. I do not 
know of any other material in Nature with so large a molecular weight, 
under these terms, and so we see one extreme showing up in living sys- 
tems: this huge molecular weight for one component of the cell. RNA is 
large, but not so majestically large as DNA. 

^ Now if we want to visualize DNA we can look at Figure 2 which is a 
remarkable picture of the DNA in a bacterial virus. It was taken by 





Fie. 1. An electron micrograph of a section of a bacterial cell of E. coli. This very 
beautiful picture was made by Dr. Lucien Caro of Oak Ridge National Labofatory. 


Kleinschmidt, et al., t2) by the very nice technique of osmotically shocking 
the virus on the supporting film used for electron microscopy. The DNA 
spills out, as can be seen, and is obviously a very long, continuous struc- 
ture. Evidence is accumulating that this DNA is also in a continuous 
loop, so even the two ends which can be seen are perhaps two too many. 
Now this piece of DNA is only about one-twentieth of the actual length 
of the DNA in a bacterial cell. To get some idea of this structure, Figure 
3, which is taken from work published by Dr. Cairns of the Cold Spring 
Harbor Laboratory (3 gives a fine impression. In this picture the scale is 
totally different and to visualize the bacterium it is necessary to compare 
it with one of the dots in the emulsion. The line at the bottom is about 
fifty times the length of the bacterium. The technique used to get this 
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Fra. 2. DNA from a bacterial virus. It can be seen to be a single unit of truly great 
length. This very spectacular picture is taken from the work of Kleinschmidt, Lang, 
Jacherts and Lahr. Reference [2]. 


picture is very beautiful and is as follows: Advantage is taken of the base 
thymine, which is found only in DNA. It can be readily procured with a 
tritium label and the tritium, when it undergoes radioactive decay, emits 
a beta ray of very low energy which will cause the development of only 
one or two photographic emulsion grains. Thus, the presence of de- 
veloped grains means the presence of DNA. What Dr. Cairns does is to 
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label the bacterium very fully with this kind of thymine and then with 
great care and skill, and he is par excellence the one who can do this, 
extract any DNA, place it in contact with a photographic emulsion, and 
let the image develop as the tritium decays. The result is what is in the 
figure, and it shows dramatically how the long continuous piece of DNA 
has been released from the structural form it must have had in the cell. 
Clearly, one of our problems is to “put” this DNA inside the cell: it is 
not simple. 

In order to gain some idea of where to put the DNA we can consider 
some work done by Dr. Caro and Dr. Van Tubergen, working for Dr. 
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Fie. 3. An autoradiograph of the DNA taken from E. coli cells. This DNA has 

been labeled with H-thymine and extracted with consummate care by Dr. J. Cairns 

of the Cold Spring Harbor Laboratory. This appeared in “The Interpretation of 

Ultrastructure’ Symposium of the Intetnational Society for Cell Biology, published 
by Academic Press, 1962. 


Forro at Yale. This work was actually part of a Ph.D. thesis. Again what 
was done was to label the bacterium with tritium thymine, and in this 
instance to take random, but consecutive slices of the bacteria which had 
been imbedded in methyl methacrylate as if for electron microscopy. The 
slices were then studied by the same technique of radioautography that 
we have described, and the question asked as to whether all slices had 
about an equally probable chance of developing grains of emulsion, or 
whether some had no chance at all, because there was no DNA in that 
part of the cell and so no possibility of any radioactive decay due to 
thymine. What was found was that a considerable number of zero grains 
were present, and by analyzing the data the conclusion was reached that 
the DNA is confined to a small part of the bacterium which could easily 
be associated with the part in the middle of the electron micrograph of 
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Figure 1; and indeed, if one looks closely at this quite remarkable picture 
one can convince oneself that there are fibrils in the relatively empty 
part, and even that some sort of organization exists there. Thus, we must 
put the DNA in the nucleus of the cell. 

The next question which naturally arises is the question of the location 
of the RNA. In Figure 4 we show a remarkable combination of electron 
microscopy and radioautography, again due to Dr. Caro. In this figure 





Fia. 4. A section electronmicrograph of E. coli labeled with H*-uracil and con- 
comitantly radioautographed. The silver “worms” which are the developed grains 
caused by tritium decay are all outside the nuclear region. This superb example of 
technical skill is also due to Dr. Lucien Caro. 


the label has been given as tritiated uracil, which is not found as such in 
DNA but is mostly in one or another form of RNA. In addition to this 
change, a very valuable technique of development of the emulsion has 
been used. Instead of waiting for the whole grain of silver bromide to 
develop, the development is halted quite early and fixation introduced. 
The result is that the inception of the latent image can be seen instead of 
the fully blackened whole grain, and a far better resolution is so obtained. 
It ean be seen that the origin of the radioautographic images all lie 
beyond the central part we associate with the nucleus. Therefore, 1t seems 
reasonable to assign the RNA to a part of the cell which is outside the 
nucleus. 


BACTERIAL CELL STRUCTURE AND ITS ARTIFICIAL SYNTHESIS 445 


Inferences Regarding the Cell Structure 
Preliminaries Regarding Ordered Synthesis 


With these figures we really exhaust that part of the description of the 
cell which can be made reassuring with electron micrography and we 
have to embark on the process of imagining, in a guided way, the kind of 
structure which must be responsible for the various processes in the cell. 
To do this we need to have an idea of the most fundamental processes 
which are at work, and which must be considered to have their proper 
place in the cell. It is the character of these fundamental processes which 
has been elucidated by modern biology, and so we have to give a short 
account of this subject in order to be able to suggest ways in which the 
parts of the cell are located and how they work together. 





We begin with a compact dia- NUCLEIC ACIDS 
gram of four kinds of nucleic acid, wA RANA 
shown in Figure 5. On the left is aT -A U- 
the all important DNA, whichis [eed — t e 
shown schematically and not real- TA rt A— 
istically. Itisinrealityinadouble — [C4] — ($$. 

: í A TH i 
helical pattern and so must twist C. " t-6 p 
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tions. For our present purposes the E e 
helical structure is not important, TA4 Com 





and we have simplified the rep- 
resentation. The essential features Fie. 5. A very schematic representation of 
are the double structure, both the four kinds of nucleic acid. 
chains are polymers of Adenine (A), Guanine (G), Cytosine (C), and 
Thymine (T), which are linked through a deoxyribose sugar and phos- 
phate and the requirement that, in the chain opposite, every thymine 
finds an adenine and every guanine a cytosine. In this way a preseryation 
of the instructions is made, for while the two chains are quite different, 
the existence of only one also guarantees that the other can be made 
absolutely exactly. DNA also has the remarkable property of being fixed 
once made. Unlike the other components of the bacterial cell, DNA does 
not “turn over," but once it is completed remains as such, unless rather 
drastic external circumstances intervene. This permanence of the DNA 
is also necessary to make it effective as a hereditary codescript, to repeat 
the remarkably predictive words of Schrödinger (41. We need to remem- 
ber that one million or more bases in a continuous line form the actual 
molecule of DNA. Again we remind the reader that Schródinger pre- 
dicted that this codescript would have to be an “aperiodic erystal." His 
words do really describe almost exactly the strange kind of structure we 
see in these giant molecules. 

The next kind of nucleic acid is messenger RNA, probably the most 
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exciting and strange material in nature. Intense study of this material 
will certainly be repaid by great scientific excitement, and as advice to a 
young scientist reading this article, I suggest that he or she settle down 
to a long occupation with it and its behavior. It is single stranded and it 
is made as a complementary copy of one strand of DNA, which has been 
indicated.in the figure as a dotted strand. This means that the RNA is 
almost identical with one strand of DNA, and would be identical except 
for the presence of the base uracil, instead of thymine, and the additional 
oxygen in the sugar part of the polymer. This messenger RNA has a 
molecular weight of about one million, making it far smaller than the 
DNA, though by no means small, and it, together with a considerable 
apparatus, which we shall shortly describe, is the means by which the 
cell guarantees that the instructions on the DNA are used to make pro- 
tein of the precise kind needed. In bacteria, the messenger RNA is not 
permanent. It has a half-life which depends on the condition of the cell 
(temperature and oxygen supply, for example) and which is about one 
minute at optimum temperature. This means that the amount of protein 
which can result from one molecule of messenger RNA is limited. 

Since we have much more to say about this RNA later we can con- 
sider the other two forms. The ribosomal RNA which is shown next, 
reading from the left, is, in some ways, not yet understood. It is perma- 
nent, in the sense that it does not decay rapidly, and its known function 
is to form part of the ribonucleoprotein ribosomes. It is known that it is 
also made so as to be complementary to some stretch of the DNA, but it 
is not wholly clear to us as to the nature of this stretch. It is relatively 
bland in its function and because it is harder to study we may have one 
or two years to wait before we know much more about it. 

The last form of RNA is transfer RNA, the little RNA, sometimes 
called "soluble" RNA. This is exciting at the moment because, just as I 
started to give these lectures, the remarkable work of Dr. Holley’s group 
at Cornell became known [5]. The features of tRNA which are important 
to us are first, the provision for attaching a particular amino acid at one 
end of the RNA, and second, the presence of a triplet "code" of three 
bases, somewhere about the middle of the molecule, which are capable of 
establishing a firm relationship with three complementary bases on 
messenger RNA, and so of bringing the appropriate amino acid into place 
for incorporation into the chain of a protein. In the schematic diagram, 
the amino acid selected is phenylalanine, and the code for this is three 
adenines, which match up with three uracils on the messenger RNA. The 
tRNA has a secondary structure, which is thought to have a great deal of 
complementary base pairing within itself, as indicated. Holley’s group 
have shown the entire sequence of 77 bases, and their work opens up a 
vast future in the determination of nucleic acid sequences. In their case, 
the tRNA carried the code for alanine. They show several possible final 
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structures for it, so that even when the whole sequence is known, the 
whole story is not in. 

We need to remind the reader that there are 19 amino acids, for which 
the structures are nicely set out in the late Dr. Quastler’s very perceptive 
book, Information Theory in Biology (61. Joining these so that the 
amino groups and carboxyl groups coalesce with the exclusion of a water 
molecule, causes the formation of the peptide bond, and by doing this to 
the extent of perhaps 100 to 300 such amino acids we obtain the raw 
material of a protein. For it to be of any biological significance that we 
know at present, it must have a definite sequence, and this is assured by 
the “holy trinity” of DNA to RNA to protein. 
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Fig. 6. A schematic diagram of the regulated synthesis of a living cell. 


Ordered Synthesis in the Cell 


We now come to the description of one of the absolutely fundamental 
processes in the cell, which must be described in such a way as to be 
imagined actually in the cell. To think about it, Figure 6 will help. It can 
be seen that DNA is at the heart of the process, and that it has two start- 
ing functions, one to make more of itself, indicated by the arrow which 
sweeps upward, and the other to make the general happenings of the cell 
possible. To do this, it must be closely related to the “manufacture” of 
messenger RNA, transfer RNA, and ribosomal RNA as shown. All three 
of these then conspire to form the protein, which is either structural, or 
enzymatic. The enzymatic part handles the supply of materials which 
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come in from the outside, and converts them into metabolites and, as a 
result, the two major “factories” of the DNA polymerase and the “tran- 
scriptase" are able to function. The cell clearly does much more than just 
what is shown in this figure, but we shall have quite a problem assimilat- 
ing these into the confines of the tiny volume of the cell as it is. 

We can start the process of seeing how these actually must be by look- 
ing at the suggestion made by Dr. Cairns as to the way in which DNA 
replicates (Fig. 7). Since DNA is of helical form, the management of it in 
any kind of way along its length is bound to require some spinning pro- 





Fig. 7. Dr. Cairns’ suggestion as to the mechanism of DNA synthesis. 


cess. Dr. Cairns suggests that there is a “hypothetical” spinning appara- 
tus which is at one end of the DNA, and we can start at that point. It is 
shown as the black triangle. The replication of the DNA, which has been 
shown to progress uniformly in a linear fashion by Yoshikawa and Sueoka 
(7; and Lark, et al., (81 is in the form of a kind of “Y,” and is shown by rep- 
resenting the new DNA as black and the old DNA as dotted. The synthe- 
sis progresses around the continuous DNA strand and, at the end, the 
spinning mechanism. is supposed to replieate also; the two then separate 
into the DNA needed for the two daughter cells. This DNA is both old 
and new as can be seen. 

To move on quickly to one of the “factories” of the cell, in Figure 8 
is shown a schematic representation of what I believe must be happening. 
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The shape need not be in this form, for example, a shape more like a 
“yo-yo” might be even better or it could be much more spread out, but 
nevertheless this kind of thing is indicated. 'To comment on jt: first, the 
DNA must separate some time, so it is indicated as separating just before 
it enters the factory. The actual point of synthesis is double and takes 
place where the new strands appear. To achieve it I have suggested that 
two polymerases, each of different specificities must be present to handle 
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Fia. 8. A schematic diagram of the polymerase "factory," sometimes called the 
“growing point” for the DNA. . 


the difficult problem of synthesizing DNA which is presented differently 
in the two strands. The component parts which are immediately needed 
by the synthetic process are made în situ from the four bases, phosphate 
and sugar. This requires quite an assembly of enzymes which can make 
the four components and keep them at high concentration in the little 
region near the synthetic points. 

In reality, the excitement of this kind of figure lies in the rate at which 
the DNA is moving through the factory. If one takes a pencil and sweeps 
it up the figure as fast as it can be moved, this is still about ten times too 
slow. It also has to be realized that the speed is definitely matched by the 
great accuracy, which is such that only one mistake is made in every 10? 
times when the conditions are at their best. 
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To justify the need for a “factory,” the following piece of reasoning is 
offered. On Figure 9, the component parts which are assembled into 
nucleic acid are shown. The TTP, which is thymidine triphosphate, 
illustrates one of the components of DNA and it is assembled into the 
chain of DNA by breaking off the last two phosphates and joining the 
remaining one to the sugar of the next triphosphate to form the sequence 
“base—sugar—phosphate, base—sugar—phosphate . . ." which extends 
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Fic. 9. The structural formulas for the four compounds of base, sugar and triphos- 
phate which are used to synthesize DNA. 


to millions for DNA and thousands for RNA. To consider what happens 
we need to know some rates. In Table 2, some rates are given. 


TABLE 2 i 
SOME RATES OF SYNTHESIS BY THE BACTERIAL CELL 


DNA synthesis 3000 base pairs per second 

mRNA 7 As high as 100,000 base pairs per second 
Protein synthesis 5-50 amino acids per second per polysome 
Enzyme turnover Often 1000 per second. It is very variable 


Some comment on these is in order before they are used in discussion. 
The rate for DNA synthesis is that which is found both for bacteria when 
growing normally and optimally and for bacterial viruses. The rate for 
messenger RNA is hard to estimate because it is not certain whether all 
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the DNA is synthesizing messenger at once. If it is not, then the figure 
given is justified. 

One very simple assumption can be made regarding the process of 
assembly of the DNA and this is that the triphosphate miust simply 
collide with the right place. It need not do so with the right aspect, for it 
is likely that rotational brownian movement will correct the faulty col- 
lision very fast, nor is it necessary for the enzymatic process to take any 
time after the collision. Both these factors might take some time so the 
assumption made is truly an extreme representing the fastest that can 
possibly be done by normal chemical methods. 

Now the rate of collision can be estimated in the same way as done by 
Smoluchowski and as described by the writer [o] and the very simple 
expression, the sole formula in this article is found. 


d= 2 r DRC 


where D is the rate of collision at a target spot of total radius R (this is 
the sum of the radius of the impinging molecule and the spot to be hit) 
and C is the concentration a long way away from the point of collision. 
Now if we substitute the known value of ¢, we have only to know D and 
R to be able to estimate the concentration of the phosphates which must 
be present. The value of D was measured by Dr. Lehman at Penn State, 
for representative substances no] and the value of R can be estimated 
with fair accuracy as it involves the radius of the triphosphates. So the 
concentration can be found. Attempts in our laboratory to measure the 
actual concentration of the triphosphates have not been too successful 
because they are obviously very small. Deoxyadenosine triphosphate 
can hardly be present in more than one-twentieth of the amount needed 
and the general impression is that the amount is still less. On the other 
hand, thymine, as the free base, is present to about the right amount. 
This small concentration of triphosphate leads one to wonder what is at 
work. Is chemistry to be abandoned or is there some way out? One way is 
that taken in Figure 8, where it is suggested that the machinery to make 
the triphosphates is very close to the polymerases, so that the concentra- 
tion of the triphosphates throughout the whole cell is not that which is 
needed to drive the reaction at the rate observed. More work needs to be 
done on these actual concentrations before the argument above can be 
taken too literally. However, the evidence is suggestive that there is 
some organization. at work in assembling the DNA. 

If we now move on to the process of protein synthesis, this can be con- 
sidered by looking at Figure 10. This is a strange, straggly-looking figure, 
but it still can be used to give a lot of information. The long line with the 
short whiskers is the messenger RNA and the whiskers represent the 
bases which form the method of coding for the right protein. The first 
action is the attachment of a ribosome to the messenger RNA and this 
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promptly makes possible the attachment of a transfer RNA molecule 
with an amino acid on it at the end. The ribosome then moves on one 
“notch” and another transfer RNA comes into place with another amino 
acid held at the end, with its amino group and carboxyl group both held 
ready for the union and formation of the peptide bond. This may well be 
achieved by means of a peptide bond enzyme, if the evidence from Dr. 
Schweet’s laboratory [11] is right; and as we believe it, we have shown a 
dotted line outline of this enzyme behind the carboxyl and amino groups, 
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Fig. 10. A very schematic representation of the ideas involved in protein synthesis. 


ready to function. Another tRNA molecule is shown as being on the way. 
While all this has been happening, another ribosome, in fact about five 
more, have been working their way down the messenger RNA and each 
one has been manufacturing protein. One which has nearly completed its 
chain is shown on the right, and the final action, after the whole chain 
has been finished, is to form itself into its final conformation, represented 
poetically on the far right. This is the form necessary for the enzymatic 
function to be effective. 

Once again we have to think about rates. If the slowest probable value 
is taking place, then the ribosome is rolling along so that the clicks go at 
about the rate of a good typist typing each letter. It should be remem- 
bered that there are two typewriters going together at once: the ribosome 
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and the peptide bond enzyme, to say nothing of the five other sets of 
operators further down the messenger RNA. To keep the analogy, the 
output is at least as good, per polysome, as a good, efficient, and large 
office. If the rate is as high as it might be, then we have to think of the 
rolling of the ribosome and the operation of the peptide bond enzyme as 
like a low musical note; perhaps like the hum of the A.C. As this hum 
progresses, think of the protein as sweeping down the messenger RNA 
in tune with it. I find it most exciting, for it is not a single process at all, 
but involves at least two factors operating together. 
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Fie. 11. The formation of messenger RNA by copying one strand of double-stranded 
DNA. : 


SCHEMATIC DIAGRAM OF THE DRANSCRIPTION PROCKSS. 


Our last factory is the one which makes messenger RNA. If we accept 
the evidence from Dr. Berg's laboratory, n2] then both strands of DNA 
must be present. Quite a variety of evidence suggests that only one of the 
strands is “copied.” So in Figure 11 we have tried to show this. The mes- 
senger RNA is the tube-like object formed on the continuous strand of 
DNA with the dotted strand also present. The actual point of synthesis 
is shown, with the four bases making their way into the synthetic point. 
To hide abysmal ignorance, the shape of the enzyme has been shown asa 
simple rectangle. Again we need to think of speed. In this instance the 
enzyme is moving so fast that one can hardly dare to suggest a compara- 
tive speed. It is moving down the page, with sharp streaks of messenger 
following its motion, and its speed is such that it would be hard to “stop” 
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with the best electronic flash. Somehow, a ribosome must be involved 
with the messenger, and we have drawn one in the vicinity to remind the 
reader of that fact. 


A Schematic Picture of the Cell 


We are now ready to see what happens when we try to put these fea- 
tures into the confines of a bacterial cell. 'The result is seen in F'igure 12. 
It obviously calls for comment, in fact it is meaningless without, as it is 
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SCHEMATIC DRAWING OF A BACTERIUM 


Fie. 12. The cell of E. col? expressed schematically, embodying the ideas developed 
" in the previous figures. 


intended only to focus thought. We can take the DNA first. The “old” 
DNA is shown as the thin line, starting at the spinning mechanism of Dr. 
Cairns. It winds back and forth until near the top of the cell it divides 
and passes through the polymerase factory, which we have shown as 
attached to the cell membrane. The new DNA is shown as a thicker line 
and is here indicated as in two beginning daughter nuclei, getting ready 
to divide. It would probably be better to put these two daughter nuclei 
inside the old DNA so as to be pushing them outward as the cell pro- 
gresses. The two ends return to the spinning mechanism. 

To take the formation of messenger RNA and polysomes, we have 
great difficulty. The process is shown as forming on the DNA, and the 
polysome, transfer RNA, and finished protein are indicated. However, 
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the impression so gained is too quiet and simple. In reality, the whole of 
the outer part of the DNA must be covered with the apparatus which 
makes the messenger and polysomes, and almost the only way to convey 
the idea of this intensely active part of the cell is to suggest that the 
whole of the DNA is covered with a swarm of bees, actively making the 
products. 

The component parts of tRNA, free enzyme, and ribosomes are shown 
at each end of the cell, although there is some doubt as to whether there 
really are many of these free agents in the cell. 

Comment is in order on two other features of the diagram. The first is 
the small whisker at the bottom, one of the pili which have been studied 
notably by Maccacaro 15) and Brinton 116]. These are interesting because 
some of them are involved in bacterial conjugation, and some in the 
process of invasion by small RNA-containing viruses, as has been shown 
by Edgell in Ginoza’s laboratory at Penn State. Each of these, at a con- 
servative estimate, must contain 120 protein molecules, all identical, 
because a single mutation can remove the whole whisker. Now, accord- 
ing to Levinthal 117), the output of a single polysome is 20 protein mole- 
cules, after which the messenger RNA has decayed, and so more than 
one polysome must be involved in the synthesis of one of the pili. Since it 
is not easy to see how a very large object like a polysome can diffuse 
readily in the cell, it seems probable that a set of six or so messenger RNA 
molecules are made together very near to the place where the “pilum” is 
being formed. This argues a kind of deliberate action on the part of the 
molecular apparatus of the cell, and it is significant that this type of 
process must be taking place in other places, Put very strongly, the cell 
has a design for each of the pili, and so, very probably for many other of 
its features. 

The last feature which needs comment is the presence of sets of en- 
zymes near the surface of the cell. This kind of organized set of enzymes 
is found in the electron transport system of mitochondria ns], and evi- 
dence for something like it was found by Kempner and the author 19) 
some years ago at Yale. In looking at the radiation sensitivity of the 
ability of the bacterium to incorporate glucose into the macromolecular 
fraction of the cell, it was found that the sensitivity was far greater than 
that of one enzyme molecule. Now if the enzymes responsible for the 
whole process of assimilating glucose were all separate, then the inactiva- 
tion of individual enzymes would not have much effect, for there are 
hundreds in the cell. On the other hand, if the enzymes are in grouped 
units together, then the inactivation of any one enzyme will destroy the 
operation of the group and the sensitivity is explained. Because the 
processing of metabolites should take place near the entry point of the 
materials into the cell, these systems of enzymes have been placed near 
the surface. i 


456 AMERICAN SCIENTIST 


To continue the process of understanding the nature of the cell, two 
more strokes of the brush should be added to this picture. One is Figure 
18, in which an attempt has been made to portray the section of the DNA 
right through the middle of the cell. It is roughly to scale, with the DNA 
being 20 A in diameter and the separation between strands about 100 A. 
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CROSS SECTION OF THE DNA IN A BACTERIAL NUCLEUS 


Fie. 13. An attempt to show a cross section of the DNA in the cell. 


The figure is very laborious to draw and it is quite easy to get lazy about 
it. Nevertheless, it can be seen that a very large number of strands of 
DNA have to be shown in this cross section, in fact about 900 of them. 
The concentration of the DNA in this way is significant just alone, but 
two things need to be said about it in addition. That is that, at least on 
the surface of the DNA where this is moving into the polymerase factory, 
the DNA is actually in quite rapid motion. If one were to try to represent 
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it, then the reader should draw his finger in and out just about three 
inches on this scale at about the rate of one in and one out every two 
seconds. In other words, the DNA, as it moves into the replication ap- 
paratus, is moving at the rate of one micron per second. Furthermore, if 
the transcription process is primarily taking place in the outer layers of 
the DNA, then there is a very rapid peeling off of the messenger RNA all 
around the surface of this DNA. This remarkable activity associated 
with this many-convoluted kind of worm is again a very striking and 
curious part of the cell. 

The last stroke of the brush is shown in Figure 14, in which the surface 
of the cell has been indicated. This must, once again, be thought of as 
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Fic. 14. The membrane and associated enzymatic structures. 


schematic and is intended to indicate the association of lipid and protein 
with the lipid as the little hooked candy cane type of structures and the 
protein as the hexagonal larger units. This follows the suggestion of Dr. 
J. F. Danielli, and the separation between the layers is probably some- 
where in the neighborhood of 100 A as indicated. Many more of these 
should be drawn, but the fatigue of indicating them grew great and it is 
better just to rely on the idea of a schematic picture. In order to under- 
stand correctly what is happening, however, one should recall the dy- 
namics of the operation of the cell; this means that, during the time the 
reader has been reading the words about the membrane, probably one 
more lipid molecule has appeared in the surface, and possibly one more 
combination of lipid and protein. One has to realize that the cell mem- 
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brane is not of the nature of a balloon, which expands without changing 
the amount of material in it, but instead is a mechanism which actually 
has more and more material arranged in this layered way as time goes 
on. So that again, as we have continued to write this paragraph, another 
unit of membrane has appeared in there. It must also be recalled that, in 
all probability, material for this membrane must be fed from the inside of 
the cell outward. How to do this is of great interest, and is not solved at 
the present time. 

Below the membrane are represented the systems of enzymes which are 
supposed to synthesize the necessary metabolites. These systems of 
enzymes are drawn in a non-geometric way to stress the fact that they 
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Fia. 15. An early (1960) representation of the cell for comparison with Figure 12. 


are living systems; one must realize that they are in fact ten enzyme 
molecules or so put together. À few of the enzymatically active surfaces 
have been indicated, one of which, for example, will collect the curved 
molecule on its surface and there join to it the straight molecule to pro- 
duce the sickle-shaped object further down. This is a representation of 
the process of the assembly of the metabolites from the materials sup- 
plied by the outside environment of the cell; In thinking about this pic- 
ture one should also recall that something must be going upward to the 
membrane as well, so that this is truly a remarkable structure. 

The author cannot avoid looking at the picture and realizing that it 
must not only contain insight about the cell, but probably insight about 
himself and that it might be valuable material for a psychiatrist in ex- 
plaining the workings of his mind. 
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It could easily be wondered whether these imaginative pictures, which 
portray the nature of the cell, have any reality or not. In order to estab- 
lish some basis for judgment, in Figure 15 is shown the picture which was 
drawn under similar circumstances in 1960 (20). The comparison between 
this picture and the one in Figure 12 is of interest, because it affords some 
idea of whether these pictures do represent something which is moving 
forward to reasonably firm conclusions about the workings of the cell, or 
whether they represent something which is almost random and not 
really connected to reality at all. 

In the 1960 picture, several features can be seen which are reasonably 
correct and several features are not so. For example, in 1960, the picture 
did contain one point of DNA replication, although it was not put on the 
cell membrane. This seems to have been before its time and quite reason- 
able. On the other hand, the DNA has ends, which is against the modern 
idea that DNA is a continuous loop. Also in 1960, the RNA is indicated 
as being made on the DNA, which is reasonable in the view of today’s 
thinking, but in 1960 there was no concept of messenger RNA, and in 
fact our thoughts in these "old" days were that the RNA was made on 
the ribosomes and these ribosomes proceeded to make the protein with- 
out any assistance from messenger. This is not held to be true today. One 
can therefore see that these pictures do seem to represent a steady ad- 
vance, and it does not seem to the author to be unreasonable to make the 
claim that if, in 1970, a group of scientists resident in Japan, Russia, 
France, the United States, and Sweden were brought together by a 
UNESCO conference to compare their pictures of the same cell, that 
these pictures would look remarkably alike and that they would really 
bear some relationship to the truth. _ 

The author would therefore like to end this section on the optimistic 
note that the inferential method, or the method of accurate imagination, 
does have the ability to tell us something about the structure of the cell 
and that this schematic drawing which we have just produced and the 
discussion we have used is really something that we can consider firmly 
in our idea of how to go about attempting to synthesize such a cell. 


Ways of Synthesizing a Cell 


It is now our task to try to find ways in which this complicated struc- 
ture could be synthesized. We can consider one very quickly and dismiss 
it. If it is necessary to assemble the cell we have just described as we 
would assemble a watch, that is to say to make separately every individ- 
ual component, to put them together and then, so to speak, pat it on the 
back and it will start up, then I do not think we are ever going to do it. I 
do not believe we are going to be able to make the DNA in one long 
strand, or thread it through the polymerase apparatus, pull it out on the 
far side, loop it around, put the transcription mechanisms on the out- 
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side, encase it in its beautiful membrane with the enzyme structures close 
to it, and then pat it on the back and see it start. I believe we may defi- 
nitely dismiss this right at the outset. 

However, to take another analogy, there is a way in which we might 
think about it. Perhaps we could make the cell like we make a crystal. If 
we were to make a crystal of alum, then we make a concentrated solution 
of it, hang a small seed crystal inside and go away, and the following day 
we find we have a nice crystal and we say we have made it. In a certain 
sense, we have not made it, and yet we would think we had. What would 
have happened is that the crystal “wanted” to form, or in scientific 
terms there were forces which would develop the order which is present 
in the crystal, and these forces took over and made it under the right 
circumstances. The question arises as to whether there are forces which 
would take over and make the living cell if we started it in the same way 
that we could start a crystal forming. This is a tremendously important 
question which has roots in both philosophy and in the extent to which 
our knowledge of the laws of nature is still limited. Before discussing 
these philosophical points, it might be worth while to look at something 
slightly less formidable than the concept of actually making a start on a 
living cell and having it finish itself. What is much easier to contemplate 
is the idea that we might be able to make a primitive form of a living cell 
and then to hurry up its evolution. If we are going to make a living cell, 
and if the analysis here given is of any use, then the method which sug- 
gests itself as the best is the one just described. Find out what a primitive 
cell is like, make that, and then hurry up the evolution by deliberately 
producing the things we know will one day lead to the proper present-day 
bacterial cell. 

There is some real hope that we might be able to find out something 
about the primitive cell in the recent work of Hoyer, Bolton, and Mc- 
Carthy i11. Their work contains a suggestion that the DNA in cells has 
been essentially overpreserved. That the necessity which is possessed by 
the cell keeping its DNA intact may actually have caused so great a 
restriction on the degradation or removal of DNA, that DNA has ac- 
cumulated in many cells in such a way that we can look at it even though 
it is today not very functional. If this should prove to be true, and it is 
certainly an attractive hypothesis, then we will find stretches of DNA in 
present-day bacterial cells which represent much earlier stages in its 
existence. We might be able to infer from these what would be the most 
primitive we could “get away with” and from the inference we might be 
able to start the construction of the DNA necessary to operate as an 
extremely primitive cell. It could be that, in fact, cells in their very early 
stages were not built to use the “holy trinity” of DNA, tRNA, and pro- 
tein. We would have to make our conclusions with regard to that and 
start trying to assemble the very simplest possible kind of thing, and 
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then by knowing the way in which mutations have occurred, by altera- 
tion and extension of the DNA, so add the necessary parts as to bring the 
cell into being much faster than the thousands and millions of years 
which it must have taken. It is this method which is suggested as the 
way in which the cell might be made. 

It is now necessary to comment on what would be involved in that. 
It is legitimate to try to use intuition in making suggestions and predic- 
tions. The author well remembers an occasion when he was an impres- 
sionable graduate student in which Lord Rutherford outlined his theory 
of the atomic nucleus p]. This was in 1927, five years prior to the dis- 
covery of the neutron. In this theoretical account, Lord Rutherford em- 
ployed already outdated forms of quantum mechanics, he used the 
modification of the Bohr-Sommerfeld theory with half quantum num- 
bers, and he used a great many clear infractions of the best theory of the 
day. It did not fare well, and. I well remember the polite but insistent 
grilling to which this great man, at that time essentially twice a Nobel 
laureate, president of the Royal Society, recipient of the Order of Merit, 
and perhaps the greatest figure in science of his day, was subjected. I 
remember Lord Rutherford’s face grew redder and redder until finally he 
brought his hand down on the table and he said “Gentlemen, I feel it in 
my bones that there are neutrons in the nucleus.” It is hard to say whether 
his theory was a good theory or a bad theory in the light of the fact that 
he was right on this major premise. What we are asking ourselves is what 
do we “feel in our bones” with regard to the living cell and the problem 
imposed with regard to its synthesis. We have already discounted the 
idea that we could put it together like a watch, and we have suggested 
the best way would be to think about an early cell, to make it, and then 
to hurry up its evolution. The question is does the cell automatically 
contain something which has an orderly and regular behavior, even 
though it has complex components, even at the most primitive stage at 
which we could possibly recognize a cell? This is a very crucial quéstion 
and one which is at the heart of the entire situation we are discussing. If 
it is indeed possible that the semi-chaotic behavior of chemical systems 
can lead progressively by ramification upon ramification to something as 
complex, as ordered and, one might almost say, as “thinking” as the cell 
we have just described, then we should indeed press resolutely forward to 
show that this is true. And if it is, then there is no question that the 
greatest triumph for our knowledge of our laws of nature will be in this 
successful synthesis by what we know at present of a living cell. On the 
other hand, if it should prove that all our attempts to do this fail, and 
yet we are faced with the reality of living systems in abundance growing 
and developing and behaving in the way they do, then we will be forced 
to contemplate something new and something different about life which 
is not present in our scheme of nature as it is known today. The question 
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arises as to whether this type of new thing, which is inherently shown at 
its maximum in living things, though one would hope that it penetrated 
the whole of nature, is something we must look for and first find before 
we can make a living cell de novo. This sharp philosophical question is not 
resolved today nor does it seem simple to suggest the way in which it will 
be resolved. There is only one good way to go about finding it, and that 
is by designing experiments resolutely in terms of the concept that the 
present laws of physics, and of physical chemistry are indeed adequate 
to explain all living things. Using this idea then push resolutely with this ' 
explanation and conduct experiments in those areas where the explana- 
tion appears to be marginal. Thus, it would seem to be wise if one is 
really interested in this kind of question to look not only at the structure 
of cells, but at the way the structure is changing with time. In other 
words, it is the rates of synthesis perhaps and not the actual accuracy of 
synthesis which may pose the challenge. Put more succinctly, since living 
things do contain the fourth dimension, we must study all four dimen- 
sions if we study living things with great care. 

Whether these studies and this attitude will result in a completion of 
the project mentioned at the beginning of this lecture, namely the logical 
assembly in our minds, step by step, of the way to put together a living 
cell, or whether we will find steps that are missing that cannot be com- 
pleted, is still open to question. It is because this question is open that 
the work is so exciting and so demanding and that one does feel this is 
indeed the great frontier in science today. 

In one concluding remark, I would like to return to the analogy of 
the scientific revolution that occurred early in this century. It is true that 
the essential understanding of inanimate nature was obtained within 
forty years of the discoveries made at the turn of the century. However, 
in making these discoveries, even though great adaptations had to be 
made early, as in the case of the Bohr theory, the final confrontation of 
good accurate theory with the problem of two electrons in an atom led to 
one of the greatest surprises in physical science of all time, namely the 
idea that we must substitute an explanation in terms of probability for 
an explanation in terms of continuous certainty. This substitution did 
not diminish our skill and understanding: Rather it increased it. We are 
now able to make confident predictions about atomic behavior, about 
chemical structures which are based on this theory. Nevertheless, it 
must be conceded that the theory as it came out produced not only 
surprise but, it would be fair to say, shock. 

The question that is fairly before us, and posed by the problem of the 
artificial synthesis of a living cell is the question as to whether life and its 
understanding will also bring with it to the scientific community, now as 
a whole, the same degree of shock as was produced then. 
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‘CAUSES OF RELATIVE SEA-LEVEL CHANGES' 


By CHARLES G. HIGGINS 


An who has spent more than a few hours at the seashore along 
most coasts has seen that the level of the sea is not constant. Not 
only is it affected by ordinary ripples, waves, swells, and other minor 
undulations of the sea surface produced by frictional drag of winds blow- 
ing across it, but it rises and falls in response to many other influences. 
The most regular of these are the tides, generated by the gravitational 
attraction of the moon, to a lesser extent of the sun, and to a negligible 
extent of other bodies in the solar system (see review by Rossiter, 1963). 
The period and height of the tides vary from place to place and from time 
to time according to planetary and local factors which, though complex, 
are well enough understood to allow fairly accurate tidal predictions to 
be made and published far in advance for many ports and coastal sta- 
tions. 


SHORT-TERM VARIATIONS IN RELATIVE SEA LEVEL 


Variations in barometric pressure, caused by daily and seasonal tem- 
perature fluctuations and changing weather patterns, also affect local 
levels of the sea. Where a barometric low is combined with an on-shore 
wind that blows constantly for several days across a broad expanse of 
water, the sea level in the vicinity of the low-pressure region may rise 
markedly. Along parts of the coast of the Aegean Sea, especially in long, 
restricted bays such as the Gulf of Evvia (or Euboia), such sea-level 
changes in response to barometric pressure and winds commonly exceed 
those produced by tidal effects (Kolokithas, in press), On September 8, 
1900; low pressure and hurricane winds caused sea level to rise almost 
5 m in less than 12 hr at Galveston, Texas (Sverdrup, et al., 1942, pp. 
544-545). 

Where the water level has been raised by low pressure and winds at one 
end of a long, narrow basin, a seiche may be generated if the weather pat- 
tern changes abruptly. Seiches are long-period standing waves whose 
wave length is commonly either equal to or a multiple of that of the 
basin. The name itself is Swiss-French, reflecting earliest observations of 
such waves in Lake Geneva. Their effect can be observed in any long 


1 This is a revision of a paper to be published in the Proceedings of the Second 
International Conference on Underwater Archaeology, held April 15-17, 1965, at the 
Royal Ontario Museum, Toronto, Canada. This study is a result of work undertaken 
under financial sponsorship of the Geography Branch, Office of Naval Research, 
Contract Nonr-2211(02), Project NR 388-070. Reproduction in whole or in part is 
permitted for any purpose of the United States Government. 
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trough that is partly filled with water: when one end of the trough is 
raised slowly and then abruptly lowered, part of the resultant oscillation 
of the water level represents a seiche formed by the water, traveling 
rapidly back and forth in the trough. At the south end of Lake Michigan, 
seiches, combined with storm surges and other gravity waves, have 
caused numerous drownings and considerable damage to harbor instal- 
lations and boats (Donn and Ewing, 1956). 

Other large occasional waves may be generated by submarine volcanic 
eruptions or by sudden dislocations of the sea bottom caused by sub- 
marine landslides or movements along faults associated with earth- 
quakes. A graphic description has been given by.Murata (1961) of the 
disastrous arrival at Hilo, Hawaii, of such a wave generated during the 
great Chilean earthquake of May, 1960. After traveling 11,000 km at a 
speed of about 700 km per hour, this wave, channeled in Hilo harbor, 
smashed against the town as a wall of water 6 m high. These seismic 
sea-waves, or tsunamis (originally a Japanese word), are commonly mis- 
called “tidal waves" in the popular press, doubtless in confusion with 
steep, abrupt tidal bores observable in some constricted inlets and river 
mouths (see Kuenen, 1963, p. 41). 

Waves similar to tsunamis may be generated along steep coasts by 
rapid coastal slumps or landslides. There is no specific name for such 
waves, but one of these, apparently started in the Corinthian Gulf by a 
large slump near Aiyion, washed over part of the Greek city of Patras, 
some 40 km distant, in early 1963. The largest known of such waves 
occurred July 9, 1958, in Lituya Bay, Alaska. Apparently generated by a 
landslide or rockfall, in turn triggered by an earthquake, the crest of the 
wave—a gigantic splash—scoured away trees and soil 370 m above sea 
level near its origin (Roberts, 1960). 

Comparatively minor daily and seasonal fluctuations in sea level also 
result from thermal expansion and contraction of sea water and.from 
local or general fluctuations in the Earth’s water budget. The latter have 
been cited by some writers to explain the considerable fluctuations in 
levels of the North American Great Lakes. These fluctuate 0.3-0.5 m 
seasonally, and the mean levels fluctuate 0.6-0.8 m over longer periods, 
claimed by some writers to be cyclic. 

These and some other factors responsible for variations in marine 
water levels, together with the magnitudes of their effects, are compre- 
hensively reviewed by Lisitzin (1963). All of these changes in water level, 
however, are transient; they represent merely short-term fluctuations or 
departures from mean water levels, which, averaged over a decade or a 
hundred years, are found to remain relatively constant. While such short- 
term fluctuations may be locally significant and important in connection 
with problems of coastal erosion and deposition and the protection and 
maintenance of harbors and waterfronts, they cannot account for such 


466 AMERICAN SCIENTIST 


features as submerged stream courses on the floor of San Francisco Bay 
or on the Sunda Shelf east of Sumatra, submerged ancient settlements in 
the Mediterranean Sea, raised and tilted marine erosion platforms or ter- 
races along many coasts, or coral reefs more than 1000 m above the sea 
in the East Indies. Such features must reflect local or world-wide, abrupt 
or slow, cumulative but absolute changes in the relative positions of the 
land and sea. 


LONG-TERM VARIATIONS IN RELATIVE SEA LEVEL 


Some writers (Gutenberg, 1941, Kuenen, 1950) believe they can 
identify in the tide gauge records of some ports, a rise of mean sea level 
of 10 to 20 cm during the past century. Such rates of relative sub- 
mergence cannot be world-wide, however, for some of the high-tide 
monuments installed 150 years ago along the Baltic Sea now stand more 
than 1 km inland, indicating a relative rise of the northern Baltic coast of 
more than 100 cm per century. Kaye (1964) has found that sea level at 
Boston was at about the present level in the mid-nineteenth century, 
but was about 15 cm lower around 1900. Clearly, different processes must 
be operating—or at least operating at different rates—in various parts of 
the world. Thus, to understand what may be happening or may have hap- 
pened in the past at any particular coastal site, it is essential to know 
what sorts of processes may affect relative sea level, both world-wide and 
local. Many of these processes and their effects have been reviewed in 
detail by previous authors, perhaps most completely by Jelgersma 
(1961, pp. 9-16) and Fairbridge (1961, pp. 99-118). 

Processes that affect relative sea level can be divided into three groups: 
those that affect the volume of the oceans or ocean basins and thus cause 
world-wide changes in sea level, those that cause local changes in water 
level, and those that cause local changes in land level. 


Causes of World-Wide, Absolute (Eustatic) Changes of Sea Level 


Volume of the ocean basins: If the size or shape of any of the world’s 
interconnecting ocean basins is altered so that its volume is increased or 
decreased, the level of the sea rises or falls proportionately but equally 
all around the world. Such an absolute, uniform change of world-wide sea 
level is called a eustatic change. The volume of an ocean basin may be 
altered by at least four general processes: volcanism, sedimentation, 
crustal deformation, and isostasy. 

Volcanism: Construction of large, submarine volcanos, such as the 
submerged parts of the Hawaiian Islands, or outpouring of large volumes 
of lava on the sea floor would diminish the volume of the basin and dis- 
place the water, causing sea level to rise. Such an effect would be com- 
paratively slight, however, even if there were no compensating isostatic 
subsidence of the ocean floor beneath the newly added weight of the 
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lava or above the evacuated crustal or sub-crustal lava chamber. 

Sedimentation: According to Gilluly’s compilation of earlier work 
(1955, p. 14), 13.6 km? of sediment are eroded from the continents and 
deposited in the ocean basins every year. As with submarine Volcanism, 
this would have the effect of raising the sea level—by less than 4 mm in 
100 years—although compensatory subsidence of the crust beneath the 
added weight of the sediments would tend to diminish this effect. 

Crustal deformation: Warping or faulting either up or down of the sub- 
merged floors, shelves, and other parts of the ocean basins could account 
for much greater and more rapid volume and sea-level changes than the 
comparatively negligible effects mentioned above. Marine geologic and 
oceanographic studies within the last two decades have disclosed evi- 
dence suggesting that parts of the ocean floors are being broken by active 
faults and warped up or down over broad areas. As yet, these effects are 
not sufficiently well mapped and understood to allow us to make a 
reliable estimate of their net effect on sea level. 

Isostasy: When a sizable load is placed on or removed from the Earth's 
crust, the crust sinks or rises in compensation by a process of adjustment 
called isostasy, explained in more detail later in this paper. Isostatic 
sinking of the ocean floors under volcanic or sedimentary loads may 
diminish or even negate the effect of such loads to decrease the volume 
of an ocean basin. Similarly, isostatic responses to changes in the volume 
of water in the oceans may diminish the effects such changes may have on 
world-wide sea level. Robin (1962) has estimated that melting of all the 
Antarctic ice could raise world sea level 60 m, but that compensatory 
sinking of the ocean floors would reduce the effective sea-level rise to 
40 m. Since isostatic adjustments are thought to operate slowly, requiring 
as much as 5000 to 10,000 years to accomplish only half of the total ad- 
justment, compensation is not immediate. Thus, where a load is rapidly 
added to the ocean floor, sea level may first rise in response to the de- 
creased volume of the basin and then may fall back in response to iso- 
static sinking of the ocean floor under the load. 

Amount of water in the seas : The other chief factor influencing eustatic 
sea level is the total volume of water occupying the ocean basins. This 
varies seasonally and perhaps cyclically over longer periods as mentioned 
above, but is also affected by several longer-term factors. 

Variations in water volume with temperature: Seasonal warming and 
cooling of sea water may cause minor fluctuations in its volume, but re- 
sponses to general increases and decreases in mean atmospheric tem- 
perature during glacial maxima might be expected to produce slight but 
long-term volume changes. Munk and Revelle calculated that “an in- 
crease in the temperature of all the ocean water by 1°C. would raise the 
sea level by 60 em!” (1952, p. 830). Depth and distribution of oceanic 
temperature changes during glacial epochs are not well known. Emiliani 
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(1955) proposed that surface-water cooling may promote increased 
vertical circulation, thereby distributing cooler water to considerable 
depths; however, his oxygen-isotopic temperature studies suggested that, 
while equatorial Atlantic and Caribbean surface waters were as much as 
6°C. colder during glacial maxima, eastern equatorial Atlantic bottom 
temperatures were only about 2°C. lower and equatorial Pacific bottom 
temperatures were about the same as at present. This, in turn, suggests 
that the average temperature of the world’s seas may have been only one 
or two degrees lower during the last glacial maximum, and that the effect 
of subsequent warming has raised sea level only a meter or so. 

Addition of juvenile water to the seas: Each year more water is added to 
the Earth’s surface supply from the Earth’s interior. Most of the gas 
erupted by volcanoes is water vapor, and some of this is juvenile water— 
that is, it is brought to the surface for the first time from sources deep 
within the crust or subcrust. Other juvenile water, released by crystal- 
lizing igneous bodies far underground, rises quietly to the surface in hot 
and cold springs. 

The volume of new water added yearly to the Earth's surface is dif- 
ficult to estimate, but Conway’s (1941) indirect computation that 4 to 
8.8 x 107? g have been added since Jurassic time probably represents a 
maximum. This amount of water would have raised sea level about 170 m 
within the past 140 million years—an average of about 1 m per million 
years. 

Effects of glaciation and other long-term variations in the Earth’s surface- 
water budget: Of the total 1.4 x 10? km? of water on and in the upper part 
of the Earth’s crust about 97 per cent is in the seas. Of the remaining 3 
per cent, about two-thirds lies on the land in lakes, ponds, marshes, and 
streams or moves slowly underground as ground water in the upper, 
porous parts of the crust, and about one-third is stored in snow banks and 
glaciers. Only about 16990 per cent of the Earth's water is in the atmos- 
phere, and an unknown fraction is free or chemically combined with 
other elements in plants, animals, and their organic products, and in 
weathered and hydrous minerals (figures from Sverdrup, et al., 1942, 
p. 15, and Kuenen, 1963, p. 14). Seasonal climatic changes affect the 
amount of water that is, in effect, extracted from the oceans and stored 
on tlie land and in the atmosphere, and one should expect that longer- 
term, major clianges in climate or in size and configuration of the con- 
tinents should also be reflected in changes in the surface-water budget. 

The most notable climatic event in the Earth's geologically recent 
history is related to the recession of the great glaciers and ice caps of the 
last glacial maximum. Tremendous amounts of water were stored in 
these ice masses, and this effectively reduced the volume of the seas and 
lowered their level. Many writers have attempted to determine, in 
various ways, how much the sea level was lowered during the last glacial 
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maximum; most conclude that it was lowered about 100 to 150 m below 
the present level. As the glaciers have melted and receded, their water has 
returned to the oceans and sea level has risen. Much water is still stored 
on the lands as ice—enough to raise sea level at least 15 m higher (esti- 
mates run as high as 90 m [Fairbridge, 1962, p. 111])—suggesting that 
eustatic sea-level rise attributable to glacial melting is an actively con- 
tinuing phenomenon. 

The rate of glacier melting during the past 20,000 years has not been 
constant, however; during the general recession there have been periods 
of renewed glacier growth. Hence, if one supposes, as many writers have 
done, that changes in post-glacial relative sea level are attributable 
chiefly or wholly to glacier melting, then one should expect to find varia- 
tions and fluctuations in the rate of rise of post-glacial sea level, and one 
should even expect to find evidence that the sea level has fallen at times. 
Evidence for such fluctuations and reversals seems to be absent at many 
coasts that have been studied (see Jelgersma’s excellent summary of her 
own and earlier work, 1961, pp. 42-71), suggesting that, at these places, 
glacio-eustatic changes may be overshadowed or masked by the effects 
of one or more other factors that affect relative sea level. 


Causes of Non-Uniform Changes of Sea Level 


The factors considered above provoke uniform changes in world-wide 
sea level. Some others affect the level of the sea non-uniformly or only 
locally. 

Changes in the Earth’s rate of rotation: Tidal effects between thé Earth 
and Moon result in an exchange of energy which causes the Earth to 
rotate more slowly and the Moon to revolve faster. Slowing of the 
Earth’s rotation would have the effect of decreasing its equatorial bulge. 
If the oceans responded immediately to this decrease and the crust re- 
sponded much more slowly, the net effect would be to lower the relative 
sea level in the low latitudes and to raise it in the polar regions. The 
rate of slowing of the Earth’s rotation through tidal friction and loss of 
energy to the Moon is very slight, and any resultant changes of sea level 
during historic time would probably be undetectable, but Eardley 
(1964) has suggested that this process and its effects may account for 
differential sea-level change of 180 m within the past 100 million years. 

The Earth’s rate of rotation is also affected by the distribution of 
mass within it and on its surface. Movement of a mass from a lower to a 
higher elevation at the same latitude would increase the Earth's moment 
of inertia and decrease its angular velocity. Reverse movement would 
have an opposite effect. We know little or nothing about subsurface 
redistribution of mass within the Earth, but several of the surficial 
processes previously mentioned could be expected to affect the Earth’s 
angular velocity: eruption of volcanoes and lavas, uplift of mountain 
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belts, and even expansion of sea water through post-glacial warming 
would all be expected to reduce rotational velocity; on the other hand, 
crustal subsidence and transportation of sediments from higher eleva- 
tions to lower ones would tend to increase it. 

Movement of masses pole-ward or equator-ward also affects the 
moment of inertia. Thus, seasonal and longer-term changes in oceanic 
currents of varying densities, redistribution of sediments, and lateral 
dislocations of crustal masses would affect rotational velocity. 

Most of these effects are negligible, and some of them tend to cancel 
each other. However, redistribution of ice and water accompanying 
glacier recession since the last glacial maximum may have had a signifi- 
cant effect on the Earth’s rotational velocity. Most of the vast quantity 
of water removed from the oceans was not only elevated onto the land, 
but was concentrated near the polar regions. Thus, during the glacial 
maxima, the Earth should have rotated more rapidly and had a cor- 
respondingly greater equatorial bulge. As the glaciers melt and their 
water returns to the oceans, the Earth's rotation is slowed and its equa- 
torial bulge decreases, with the net effect that sea level rises at a slightly 
faster rate in the polar regions than in the equatorial belt. 

Although these various results of changes in the Earth’s rate of rota- 
tion have theoretical significance and perhaps even practical implica- 
tions for the Earth's geologic past, their effect in historic time has been 
negligible. During the past 3000 years the length of the day has increased 
only about 0.04 sec (Brouwer, 1952) in response to the combined effects 
of all the factors that influence the Earth’s rate of rotation. 

Changes in position of the Earth's axis: An angular shift in the position 
of the Earth's axis of rotation would cause a corresponding shift in the 
position of the equatorial bulge which in turn would have the effect of 
raising the relative sea level in some places and lowering it in others, pro- 
vided that the Earth’s crust did not respond immediately to the new 
stresses. Fairbridge (1962, p. 130) has calculated that a 1-degree polar 
shift would lower the sea level near the new poles and raise it as much as 
260 m at the new equator. 

Axial displacements, like changes in the moment of inertia, could re- 
sult from redistribution of mass on or within the Earth. The positions of 
the poles have been observed to vary annually by several feet, possibly in 
response to seasonal changes in distribution of air, ice, and water on the 
surface. However, these masses are negligible compared with the vast 
bulk of the Earth, and the effects of even major changes in their distribu- 
tion would be comparatively slight. Munk and Revelle (1952) calculated 
that a eustatic sea-level change of 1000 m would cause the poles to move 
only 16 km. Lateral migration of sizable masses of the erust—so-called 
continental drift—could effect larger axial displacements, and perhaps 
have done so in the geologie past; but most evidence suggests that the 
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continents and the poles have not been far from their present positions 
during the past several million years. However, as the exact positions of 
the poles during this period are not known, it is possible that periodically 
they may have been displaced enough to produce measurable differential 
changes of sea level. 

Changes in atmospheric and oceanic circulation: World weather patterns 
are thought to have been different during times of glacial maxima. 
Changes in configuration of continents and land barriers also affect 
atmospheric and oceanic circulation and may act to shift major oceanic 
currents. Lisitzin (1963, p. 35) summarizes reports that stations on op- 
posite sides of the Gulf Stream have differences of mean sea level of 
about 0.5 m. Hence, major changes in prevailing winds, barometric pres- 
sure areas, and ocean currents could cause local sea levels to change by 
as much as one-half meter or more.? 


Causes of Changes of Land Level 


All of the ups and downs of the land that may be reflected in relative 
sea-level changes are essentially local. Some may affect broad areas 
thousands of kilometers wide, but none is of world-wide extent. Several 
processes are involved, and the possible actions or interactions of all of 
them must be evaluated at each coastal site where a change in relative 
sea level is thought to have occurred. 

Crustal deformation: Where crustal deformation, or tectonism, takes 
place by fracturing, faulting, bending, or flowage of rocks along narrow 
zones or in mountain belts it is referred to as orogenic (“mountain- 
making”) deformation. The areas affected are generally tens of kilo- 
meters wide and hundreds of kilometers long. On the other hand, where 
deformation is expressed as gentle upswelling or subsidence affecting 
broad areas of the Earth’s surface hundreds or thousands of kilometers in 
diameter, such deformation is called epeirogenic (“continent-making’’). 

The results of historic orogenic movements, most commonly associated 
with active faults, have been observed and measured in many places; 
elsewhere such movements may be occurring, but at rates too slow to be 
detected. Gigout has suggested that areas affected by orogenic forces in 
pre-glacial times, as evidenced by deformed late Tertiary strata, are 
particularly likely to have been subject to post-glaeial orogeny (1956, 
p. 76; also see Fairbridge, 1962, p. 112), but this rule furnishes, at best, 
only a partial guide or key to areas that may now be undergoing orogeny. 
Results of broad epeirogenie doming or downwarping are even more dif- 


? In a paper presented at the 1964 Geological Society of America annual meeting at 
Miami Beach, Florida, W. W. Easton suggested that seasonal changes in storm paths 
and differences in erosion processes acting on the shore may account for concurrent 
formation of two or more wave-cut platforms either above or below mean sea level. 
us would give the appearance of a sea-level change where, in fact, there had been no 
change. 
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ficult to recognize except over long periods because these processes 
operate very slowly. 

Volcanism: Fluctuations in the volume of molten rock, or magma, 
underground beneath active volcanic areas, are reflected in elevation or 
depression of the Earth's surface in their immediate vicinity. After mas- 
sive eruptions, which deplete the magma chamber, broad tracts sur- 
rounding the volcano subside, and, if near sea level, may be inundated. 
The classic example of submergence and re-elevation, by at least 6 m, 
of the Roman “Temple of Jupiter Serapis" at Pozzuoli, not far from Mt. 
Vesuvius, is probably attributable to these causes, but the similar history 
of the somewhat older sanctuary of Hera at Vravrona (or Brauron), 
Greece, should probably be attributed to crustal deformation or other 
causes, as there is no evidence of recent volcanism in that area. 

Slumping: Along cliffy coasts, waves attack and undermine sea cliffs 
causing their upper parts to slide or tumble, either as single pieces or 
as loose masses of rubble, down to the shore where they are further 
broken up and washed away. In this manner, the sea advances and the 
cliff recedes, in places at so rapid a rate that ancient coastal settlements 
may be obliterated (Higgins, in press). One of the most dramatic results 
of coastal recession is the island of Helgoland in the North Sea: its 
periphery is now less than 5 km in Jength, but is estimated, on the basis of 
historic rates of reduction, to have been about 70 km in 1300 A.D. and 
about 200 km in 800 A.D. 

Where fractures or bedding planes dip seaward, or where thick, rela- 
tively homogeneous, impermeable rocks form the sea cliff, slumping may 
occur: a single large block slides seaward along a curved fracture, or slip 
surface. Where downward movement is less than the width of the block 
its surface commonly remains intact, preserving original relationships of 

' surface vegetation or structures, but abuts against the steep, arcuate cliff 
of the exposed slip surface. Buildings, streets, and walls of coastal settle- 
ments carried underwater by large slumps may thus suffer relatively 
little damage. With greater or faster downward movement, the block is 
likely to break into pieces, becoming an avalanche or mudflow, depend- 
ing on the rate and character of the movement. In such cases, surface 
structures are likely to be destroyed and buried in the resulting rubble. 
Most slumps are relatively small, but records of slump blocks and com- 
plexes more than 1 km wide are not uncommon. 

A classical example of submergence by slumping occurred in 373 B.C. 
near Aiyion, Greece, when an earthquake triggered a slump that carried 
much of the city of Eliki (or Helice) into the Corinthian Gulf, where, ac- 
cording to the ancient historian, Pausanias, many of its remains were still 
visible in the water several centuries later. 

Collapse or subsidence of caverns: Roof-failure, either through sudden 
collapse or gradual sinking, over man-made excavations in mines or over 
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natural openings dissolved in limestone, gypsum, or salt may account fof 
some instances, probably rare, of coastal submergence. J know of no 
historic examples, but some of the semi-submerged sink-holes in lime- 
stone along the Adriatic and Aegean coasts may have formed: by cavern 
collapse in pre-historic times as suggested by the Greek name, vouliag- 
ment (“sunken place"), for such features. 

Compaction of sediments: Subsidence of areas underlain by uncon- 
solidated sediments may result from compaction of marls, clays, and 
muds. About one-half the volume of newly deposited water-laid mud 
consists of space occupied by water. If this water is forced out by changes 
in the hydrologie conditions or by loading (as a result of additional sedi- 
mentary overburden or erection of man-made structures) the remaining 
sediment compacts into a denser mass with smaller volume, the total 
thickness is reduced—by as much as 40 per cent in some sediments—and 
the surface sinks. Similar results follow decrease in mass of marl or clay 
by leaching of its soluble salts or oxidation of organic matter that may 
have been deposited with it. The latter is a leading factor in post- 
depositional compaction and subsidence of peat-bog deposits, which 
may thus shrink to as little as 10 to 15 per cent of their original thickness 
(Bennema, et al., 1954). The celebrated gradual subsidence of Venice, 
Italy, may owe in large part to compaction of the sediments forming the 
islands on which the city is built. 

Sandy and gravelly sediments are much less subject to compaction, but 
in some cases water-filled loose sands may spread laterally or be hydrauli- 
cally “piped” out from under a sedimentary overburden, which then 
subsides. This mechanism has been advanced to explain the extensive 
slumping and subsidence that affected a coastal area of more than one 
square kilometer in the Turnagain district, Anchorage, Alaska, during 
the 1964 Good Friday earthquake. In this particular instance little of the 
land sank beneath the sea, but along flatter coasts more extensive sub- 
mergence might be expected to result from similar processes. j 

Isostatic adjustments: The Earth’s crust is thought to be in delicate 
equilibrium, so that where a sizable load is added to it, it sinks. This slow 
sinking may be accommodated by lateral flowage of subcrustal rock away 
from the area under the load, perhaps producing a low annular bulge at 
the surface around the sunken loaded area. This process is called isostatic 
adjustment. The rate of adjustment is thought to vary according to the 
dimensions of the load and the dynamic viscosity of the subcrustal mate- 
rial, and the rate gradually diminishes as adjustment is approached. 
This is a very slow process; estimates of the time required to accomplish 
only 63 per cent of a total adjustment range from 4000 to 14,000 years 
(Crittenden, 1963, pp. 21-24); hence, regions continue to sink long after 
their loads were first applied. 

Examples of loads that may upset isostatic equilibrium are lava fields 
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and large volcanic complexes, accumulations of sediments in large deltas 
and basins, continental glaciers and ice caps, and large, deep lakes. 
Volcanic and sedimentary loads are generally added rather slowly, so 
that the areas affected may be subsiding—and will continue to subside 
after deposition ceases—but the amount of isostatic imbalance at any 
given time may be slight. The comparatively sudden and massive loads of 
ice added to the continents during times of glacial maxima, however, 
caused these areas to sink more than 300 m under their loads in many 
places. The similar, though smaller, loads of water in Ice-Age lakes, such 
as Lake Bonneville, in western U. S., also produced isostatic sinking. 

Decrease of load has an opposite isostatic effect. There is evidence that 
mountain belts rise as they are eroded, and very likely the continental 
shelves rose during glacial maxima, when all or part of their water load 
was removed. 

Most of the evidence for modern isostatic adjustment comes from 
areas responding to changed post-glacial conditions. In Fennoscandia, 
broad up-arching in response to decrease of ice load has raised parts of 
the northern Baltic region more than 250 m since the glaciers began to 
recede about 20,000 years ago. Historical records show that this area is 
still rising as much or more than 100 cm per century. Northern North 
America has also risen in response to glacial unloading within the past 
12,000 years, as shown by tilted post-glacial shore lines of the Great 
Lakes. Crittenden (1963) has shown that the shoreline of glacial Lake 
Bonneville is 64 m higher in the center of the basin than at the lake’s 
outlet, presumably as a result of isostatic uparching after the lake dried 
up [less than 12,000 years ago, according to Broecker and Kaufman 
(1965) ], and that precise leveling and the westward slope of the Bonne- 
ville Salt Flat suggest that the center of the basin is still rising. 

Until recently, it has generally been supposed that post-glacial isostatic 
influences on relative sea level were restricted to coasts near areas that 
had been glaciated. A few writers (e.g.—Munk and Revelle, 1952; 
Emiliani, 1955; Robin, 1962) have made off-hand references to possible 
isostatic adjustments of ocean-basin floors in response to changes in 
volume of sea water during glacial epochs. However, Crittenden’s study 
of Lake Bonneville has suggested to A. L. Bloom and me, independently, 
that, if the water load in that lake was sufficient to cause isostatic ad- 
justment that may still be continuing, then the loading and unloading of 
continental shelves during glacial fall and post-glacial rise of sea level 
must have provoked similar, though smaller, isostatic responses that 
may also still be continuing. 

Bloom (in press) has shown that varying isostatic responses to sea 
encroachment may explain some discrepancies among records of coastal 
submergence within the last several thousand years at several sites along 
the U. S. east coast. Maximum total adjustment could exceed 45 m in 
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some places, but both the rate and the amount of coastal sinking in 
response to post-glacial sea-level rise must vary from place to place ac- 
cording to the width and slope of the shelf, the configuration of the coast- 
line, the local subcrustal density and viscosity, and the degree of iso- 
static adjustment achieved when the sea level was lowered during the 
last glacial maximum. These variables make it difficult to predict the 
degree to which isostatic effects have contributed or are still contributing 
to local changes in relative sea level, but such effects must affect all the 
world’s coasts, not merely those near regions formerly glaciated. 


CONCLUSIONS 


Any attempts to explain fluctuations of relative sea level indicated by 
tide gauge records within the last century must take into account almost 
all of the causes of such fluctuations discussed above. On the other hand, 
those most likely to have affected any particular coast in a grossly meas- 
urable way within the past 20,000 years are: glacio-eustatic sea-level 
fluctuations and most of the causes of land-level changes. Proper evalua- 
tion of all these effects, especially those of isostatic responses to loading 
and unloading, vastly complicates the task of interpreting the history of 
relative sea-level changes at any particular coastal site, and this helps 
to explain why such interpretations are so frequently contradictory. 
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THE GENETIC CODE, II* 


By THOMAS H. JUKES 


HE problem of the amino acid code is now widely regarded as having 

been essentially solved. Experiments in 1964 and 1965 in various 
laboratories, earried out for the most part with synthetic polyribo- 
nucleotides, lead to the conclusion that long sequences of bases in deoxy- 
ribonucleic acid (DNA) spell out instructions which are transcribed into 
ribonucleic acid (RNA) for subsequent translation into proteins by 
means of the code. This procedure is a central mechanism of heredity, 
evolution, and life. 

The instructions depend solely on the order in which the four bases 
adenine, guanine, cytosine, and thymine (A, G, C, and T) are arranged 
sequentially in DNA. where they exist in combination with deoxyribose 
and phosphoric acid as deoxyribonucleotides. DNA consists of long 
strands of deoxyribonucleotides combined by phosphate ester linkages 
in the direction of 3’ to 5’ between the deoxyribose groups. Each molecule 
of DNA is formed by two such strands held together in parallel by hydro- 
gen bonding between AT and GC pairs over its entire length. The 
strands “run” in opposite directions with respect to the 3’, 5’ deoxy- 
ribose linkages. The transcription of the “instructions” takes place when 
one of the two strands is used as a template in the synthesis of a single 
strand of RNA, and the sequence of bases in DNA is transcribed into 
RNA so that T, C, G, and Aina DNA strand direct the respective in- 
corporation of A, G, C, and U (uracil) into single strands of RNA. Three 
characteristic forms of RNA are known, termed ribosomal RNA, trans- 
fer RNA (sRNA) and messenger RNA (mRNA). The festiamed bears 
the information for the translation of the genetic message into sequences 
of amino acids. These are joined together. by polypeptide linkages to 
form proteins which give rise to all the phenotypic characteristics ôf 
living organisms. Since there are 64 permutations of 4 different objects 
taken 3 at a time, there are 64 ways in which A, C, G, and U in mRNA 
may occur in a consecutive sequence of 3 nuéleotides, termed a “triplet,” 
joined together by 3"; 5'-phosphate ester linkages. The “triplets” may be 
abbreviated in the general form XYZ or XpYpZ, p denoting the 3’ to 
5’ phosphate bridges‘which are implied in XYZ and indicated in XpYpZ. 
About 60, perhaps 62, of the 64 triplets are codes for the 20 amino acids 
used in the biological synthesis of proteins (Table 1), so that an amirio 
acid may obviously have more than one code. Two of the 64 triplets are 

* Supported by grant NsG 479 by the National Aeronautics and Space Adminis- 
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called “chain-terminating” triplets because they are considered to func- 
tion as signals for the intervals or “gaps” that terminate the polypeptide 
chains of protein molecules; these chains start with a free amino or 
acetylamino group and end with a free carboxy] group. 

The “triplets” exist in living cells as the functional units of the long 
single-stranded molecules of messenger ribonucleic acid. These molecules 
combine loosely, perhaps by ionic bridges of Mg++, with intracellular 
particles of ribonucleoprotein termed ribosomes, which have a molecular 
weight of about 3 to 4 million. Each typical ribosome consists of two sub- 
units, the “30s” subunit which binds the mRNA strand over a distance 


TABLE 1 


AMINO ACIDS THAT TAKE PART IN PROTEIN SYNTHESIS 
AND THEIR ABBREVIATIONS 


Amino Acid Abbreviation 
Alanine ala 
Arginine arg 
Asparagine asN 
Aspartic acid asp 
Cysteine cys 
Glutamic acid glu 
Glutamine giN 
Glycine gly 
Histidine his 
Isoleucine ilu 
Leucine leu 
Lysine lys 
Methionine met 
Phenylalanine phe 
Proline pro 
Serine ser 
Threonine thr 
Tryptophan try 

. Tyrosine tyr 
Valine val 


of about 30 nucleotides 1) and the “50s” subunit to which the growing 
polypeptide chain is attached by means of a molecule of transfer RNA 
(SRNA) 21. 

There are a number of different molecules or “‘species” of sRNA. Each 
is specific for an amino acid, which is attached to one end, and for a 
coding triplet in mRNA, which becomes loosely attached to the sRNA 
molecule on the ribosome during the formation of a polypeptide bond. 
Each molecule of sRNA consists of 70 to 80 ribonucleotides ending with 
— CCA; the terminal adenine-ribose group functions as the carrier of the 
amino acid in ester linkage with ribose. As each amino acid is added to 
the growing chain, its sRNA molecule is shed, and another sRNA mole- 
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cule takes its place, bearing the amino acid whose addition to the poly- 
peptide is specified by the next coding triplet in the messenger, reading 
from left to right in the conventional formula for RNA. 

The appropriate sRNA molecule, carrying with it the specified amino 
acid, is guided into place by a reaction which selects an sRNA molecule 
with a sequence which is complementary to the coding triplet “next in 
line” in mRNA. A suggested identification of 3 complementary coding 
triplet sequences in sRNA molecules has been discussed by Crick [s1. 
These are IGC in a yeast alanyl sRNA [4] ([=inosinic acid); IGA ina 
yeast seryl sRNA (51; and IAC in a yeast valyl sRNA [6). These would 
complement the following mRNA coding triplets, read in the opposite 
direction: GCC, alanine; UCC, serine; and GUC, valine; by pairing 
through hydrogen bonds, since A complements with U, C with G, and 
hypoxanthine (H) (the base present in inosinic acid) with C. Further- 
more, as pointed out by Crick (s) I may be ambiguous in its comple- 
mentarity so that, for example, IGC would pair with GCU, GCA, and 
GCG as well as with GCC. This would substantially reduce the num- 
ber of species of SRNA required for protein synthesis. 

The identification of the sequences of bases in the coding triplets was 
accelerated by the report from Nirenberg’s laboratory (7) that synthetic 
preparations of the trinucleotides GpUpU or pGpUpU “recognized” 
valine sRNA. This discovery was made by combining ribosomes with 
either of these trinucleotides and then testing the “impregnated” ribo- 
somes for their ability to bind sRNA molecules, each charged with its 
specific C!4tagged amino acid. Only valine sRNA was found to adhere 
to the GUU-impreguated ribosomes under appropriate conditions. The 
ribosomes and sRNA were prepared from the cell contents of Escherichia 
coli. Shortly thereafter, Leder and Nirenberg {s] reported that, under 
similar conditions, UGU bound cysteine sRNA, and UUG bound one of 
the leucine sRNA’s, fermed leucine fraction II. These findings gave 
heightened significance to the discovery that GUU bound valine-sRNA, 
because, as will be explained below, valine and cysteine are genetically 
related through a series of single-amino-acid mutations. Therefore, the 
sequences GUU for valine and UGU for cysteine enabled a number of 
predictions to be made for the sequences in the coding triplets of other 
amino acids. Several of these were substantiated in Nirenberg’s labora- 
tory when other synthetic trinucleotides were tested by the ribosome- 
sRNA binding procedure. For the most part; each trinucleotide was 
specific for a single amino acid, attached to its appropriate sRNA 
“adaptor” molecule jg, 10]. 

It was impressive that the information thus obtained fell into a 
coherent pattern in which the first two bases of the triplet had a greater 
degree of specificity than the third: for example, the trinucleotides 
ApUpU and ApUpC both bound isoleucine sRNA. This had been fore- 
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shadowed by the finding that in many, but not all, cases, 2 or 3 synony- ` 
mous codes for an amino acid contained a common base pair or "shared 
doublet" pi, 12}; a concept which was expressed by Eck [3] in a pre- 
diction that the amino acid code would prove to be a “two-and-a-half 
letter" code. 

Another approach to the assignment of coding triplets was made by 
using “block” copolymers of ribonucleotides [14, 151. The term refers to a 
repeating sequence, usually of either two or three bases, such as 
AGAGAG... or AAGAAGAAG.... Such "block" copolymers were 
prepared by appropriate chemical and enzymatic syntheses and were 
used as "synthetic messengers" in cell-free polypeptide-synthesizing sys- 
tems of the type originally described by Nirenberg and Matthaei (161. 
The copolymer AGAGAG . . ., which contains an alternating succession 
of AGA and GAG triplets, coded a polypeptide consisting of alternate 
arginyl and glutamyl residues p4}. However, AAGAAGAAG... pro- 
duced either polyglutamic acid, polyarginine or polylysine, the specificity 
evidently depending upon how the polypeptide got started. Ribosomes 
could attach at various points along the polynucleotide chain, and the 
point of attachment would influence the starting point at which the 
"message was read." This could be (a) as AAGAAGAAG... which 
would be translated from left to right as a repeating sequence of AAG 
triplets, (b) as AGAAGAAGA... which would be translated as a 
sequence of AGA triplets, (c) as GAAGAAGAA ... which would be 
translated as a sequence of GAA triplets. However, when the results 
were compared with the assignments made by the “‘trinucleotidesRNA 
binding system” described by Nirenberg’s group 17, 10] it became pos- 
sible to infer that GAA=glu; AGA=arg; AAG=lys; and GAG=glu. 
Similar experiments with other copolymers showed that UCU=ser, 
CUC=leu, ACA=thr, CAC=his; GUG=val and: UGU=cys 14). 
Other studies with “block copolymers” indicated that AUU =ilu; 
UAU —Xyr; and AUG —« met n5]. 

Simultaneously it was reported that a copolymer consisting 

of ApApAp... ApApC coded a polypeptide with the formula lysyl. 
lysyl...lysylasparagine COOH, thus implying that the message was 
“read” from left to right 171, in contradiction of a previous report n8]. 
The finding showed that AAC was a code for asparagine. 
, Interest also centered on the search for triplets that signaled the end 
of a polypeptide chain and the release of its terminal carboxyl group from 
ester linkage with the final sRNA molecule in the series. Studies with 
“amber” and other mutants of bacteriophage T4 [19, 20] led to the con- 
clusion that UAA and UAG were the triplets with this function. Some 
support for this was reported by Nirenberg's group in that the trinucleo- 
tides UpApA and UpApG failed to bind any audien d sRNAs in their 
system [10]. 
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A striking experiment on the nature of the code was reported by 
Terzaghi and co-workers 21). By treating a bacteriophage with an aeri- 
dine dye, a base may be either deleted from or inserted in the internal 
sequence of a DNA strand. Either procedure shifts the reading of the 
genetic message “out of phase" on the right hand side of the change, be- 
cause the sequence of bases in messenger RNA is read in consecutive 
groups of 3. As a result, the protein corresponding to the disturbed genetic 
region may be biologically useless since the portion of the protein mole- 
cule on the right-hand side of the change will contain a different series of 
amino acids from that found in the normal or wild type. Of course, if the 
change brings about the formation of a UAA or UAG triplet the poly- 
peptide chain will be terminated at that point. Terzaghi and co-workers 
found that an enzyme, lysozyme, made in cells infected by normal 
bacteriophage T4, could no longer be made by 2 different mutants of 
which one was a deletion mutant and the other an insertion mutant. 
The mutants were then crossed with each other and a crossing in DNA 
took place between the deletion in the first mutant and the insertion in 
the second mutant. The new hybrid bacteriophage made a new type of 
lysozyme that was 50% effective enzymatically. The normal (wild) and 
new lysozymes were then compared by analysis of their polypeptide 
chains. Wild-type lysozyme (undamaged) had a peptide with this 
sequence 


... thr lys ser pro ser Jeu asN ala ala lys... 


The lysozyme that was 50% effective was the same in all respects except 
that the corresponding peptide region was 


. .. thr lys val his his leu met ala ala lys... 


The interpretation of this result, translated into terms of mRNA coding 
triplets is as follows: 


the original sequence between lys and ala is coded by 


... AGU.CCA.UCA.CUU.AAU... 


. ser pro ser leu asN . 


a 


Removing the first A and inserting a G at the end gives 
.. . GUC.CAU.CAC.UUA. AUG... 


. val his his leu met .. 


"These triplets and their assignments are listed in Table 2. No other codes 
in the table will similarly explain the results. 

The findings in this intellectually satisfying experiment leave little 
room for doubt as to the triplet nature of the code. Simultaneously, the 
results show the interchangeability of synonymous coding triplets for 
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amino acids. The codes for the pentapeptide sequence in the hybrid in- 
clude triplets that end with A, G, U and C. 

The variqus findings discussed above enable the amino-acid code to 
be written in the form shown in Table 2. The synonymous occurrence of 
U and C is abbreviated as “b”, of U, C, A and G as “d,” and of A and G 
as “e.” Three amino acids have six codes; 5 have four codes; and 10 
have two codes. Isoleucine is coded by AUU, AUC and possibly AUA, 
the last-named assignment being inferred from mutations and from the 
finding that AUG, but not AUA, bound methionyl-sRNA {8,13}. The 
reservation must be made that 6 of the 64 assignments in this table are 
deduced by homology rather than by direct experimental evidence; these 
are AGG (arg); AUA (ilu); CCG (pro); CUA (leu); GGC (gly); and 
UGA (try), so that these assignments are provisional. 

Forty-four different mutations consisting of the replacement of one 
amino acid by another have been described in protein molecules. Early 


TABLE 2 

THE AMINO ACID CODE 

UUb phenylalanine CUd leucine AUb isoleucine GUd valine 
AUA isoleucine 

UUe leucine AUG methionine 
UCd serine CCd proline ACd threonine GCd alanine 
UAb tyrosine CAb histidine AAD asparagine GAb aspartic acid 
UAe gaps CAe glutamine — AAe lysine GAe glutamic acid 
UGb cysteine CGd arginine AGb serine GGd glycine 
UGe tryptophan AGe arginine 


U = uracil; C = cytosine; A = adenine; G = guanine; b = U, C; d = U,C, A, 
G; e = AG. 


studies with the code, as reviewed previously 121, enabled most of these 
to be interpreted as single-base changes in the coding triplets. The con- 
nection between valine and cysteine mentioned above is through the 
following series of mutations: val/gly; gly/arg; arg/his; his/tyr; tyr/cys. 
With codes of GUU for val and UGU for cys, this series corresponds to 
GUU/GGU; GGU/CGU; CGU/CAU; CAU/UAU; UAU/UGU, and it 
was found that the trinucleotides GGU, CAU and UAU indeed bound 
the sRNA’s for glycine, histidine and tyrosine respectively noi. Further- 
more, the code in Table 2 enables each of the single-amino-acid replace- 
ments to be written in terms of a single-base change in a coding triplet, 
with one exception, that of asparagine/arginine p2}. Forty-three of the 
75 possible single-base changes that can lead to single amino acid changes 
in the code shown in Table 2 have been described in terms of mutations 
occurring in at least one protein at one or more locations. This is sum- 
marized in Table 3. Further studies will presumably lead to more dis- 
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coveries in this series of relationships. In addition to the summary in 
Table 3, all possible single-base interchanges between the “amber” 
(“gap”) triplet UAG and amino acids have been described [19, 20). 
UAG (or UAA) was found to give rise to lys, glu, gIN, try, ser, leu and tyr 
following chemical mutagenesis [19]. References to the single amino acid 
mutations were listed elsewhere [23], with the exceptions of the arg/try 
mutation in malate dehydrogenase of Neurospora (4j, and the his/asp 
replacement in hemoglobin at position 8-143, cited in [25]. The mutation 
at the a-16 locus of hemoglobin A was found to be lysine/glutamic acid 
rather than lysine/aspartic acid [25]. 


TABLE 3 


AMINO ACID INTERCHANGES THAT CAN OCCUR AS THE RESULT 
OF SINGLE-BASE CHANGES IN THE CODING TRIPLETS 


Amino Acid Possible Interchanges* 
Ala Asp glu gly pro ser thr val 
Arg Cys giN gly his ilu leu lys met pro ser thr try 
AsN Asp his ilu lys ser thr tyr 
Asp Glu gly his tyr val 
Cys Gly phe ser tyr try 
GIN Glu his leu lys pro 
Glu Gly lys val 
Gly Ser try val 
His Leu pro tyr 
Hu Leu lys met phe ser thr val 
Leu Met phe pro ser try val 
Lys Thr met 
Met Thr val 
Phe Ser tyr val 
Pro Ser thr 
Ser Thr try tyr 


* The italicized examples have been reported to occur in mutations. 


A comparison of homologous residues in the polypeptide chains of the 
various hemoglobins and myoglobins in terms of the code in Table 2 
enables some tentative conclusions to be drawn with respect to the fre- 
quency with which purines and pyrimidines become replaced by each 
other in the globin genes during evolution. The approximate result is as 
follows: transitions (purine/purine. and pyrimidine/pyrimidine inter- 
changes), 293; transversions (purine/pyrimidine interchanges), 548. 
This is a proportion of about 1:2 which may reflect the fact that statisti- 
cally there are twice as many possibilities for a purine-pyrimidine base 
pair in DNA to exchange with a pyrimidine-purine base pair (for example, 
A:T can exchange with either T:A or C:G) as with a purine-pyrimidine 
base pair (for example, A:T can exchange only with G:C). 

The comparison of the hemoglobins also indicates that there are 21 
base differences between the genes coding for the æ chains of human hemo- 
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globin’ A and horse hemoglobin, and 34 such differences between the two 
corresponding f-chains, the disparity perhaps mirroring the more rapid 
rate of evolutionary change of the 8 chain than of the a chain pe). In 
terms of the entire mammalian genome of approximately 3 billion base 
pairs'in a haploid cell, the average of these two differences would cor- 
respond by extrapolation to a rate of evolutionary change of the order 
of one base pair per year in the total DNA. 

Differences in the base composition of the DNA of various bacterial 
species have for some time been known to exist on a taxonomic basis. 
The subject was reviewed by Marmur, Falkow and Mandel {27}. Higher 
plants and animals have DNA containing approximately 38 + 10% G 
-- C, but in microorganisms the G + C content ranges from 30% to 
about 75%. This wide range may be rationalized on the following basis; 
most of the base composition of DNA apparently reflects the composi- 
tion of messenger RNA, only a small proportion of the DNA being used 
in the production of ribosomal and transfer RNA, and two-thirds of the 
base composition of messenger RNA will directly reflect the amino acids 
which are coded. The remaining one-third, representing the third base in 
each coding triplet, can be all G + C or all A + U, or in any intermediate 
proportion, depending on whether the organism uses one or the other 
type of synonymous coding triplet for the amino acids. It would appear 
that organisms typified by Micrococcus lysodeikticus and the Streptomyces 
genus have evolved toward the use of coding triplets ending in G or C 
since their DNA contains around 75% G + C. In contrast, many of the 
Clostridia have DNA containing about 32% G + C, which implies that 
they have evolved toward the use of coding triplets ending in A or U. 
A hypothetical illustration of this is as follows: Let the following short 
polypeptide represent a sample of bacterial protein: 


ala gly val thr ser leu gly lys ilu ala 
This may be coded as follows 
' GCCGGCGTGACCTCCCTCGGGAAGATCGCC 
with a base composition of 73% G + C, or as follows 
GCTGGTGTTACTTCTCTTGGTAAAATTGCA 


with a base composition of about 40% G + C. Now suppose the peptide 
is changed by 4 single-base mutations to a composition of 


val gly val thr ser phe ser lys ilu thr 
This may be coded as follows 
GTTGGTGTTACTTCTTTTAGTAAAATTACA 


with a composition of only 27% of G + C. 
There are 8 “quartets” of coding triplets represented by the general 
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notation XYd, each of which is assigned to a single amino acid (Table 
2). It has been speculated that these are the vestigial remnants of a 
primitive code which consisted of 16 such “quartets” (Table 4) and coded 
for only 15 amino acids and a “gap” t23}. The third base conferred no 
specificity in this code, and this is still the case with the 8 “primitive” 
codes (Table 4) for thr, pro, arg, leu, ala, gly, val and ser. It is further 
speculated that evolutionary changes brought about the introduction of 
codes for “newer” amino acids: asN, met, glN, tyr and try, which were 
then incorporated into proteins by the coding mechanism. These 5 
amino acids are known to be formed biosynthetically from asp, cys, glu, 
phe and ser, respectively. It became necessary to expand the code to in- 


TABLE 4 


POSTULATED EVOLUTIONARY CHANGES IN THE AMINO ACID CODE 
d= A, ©, G, Ù; b = C, U; e = A, G) 


“Primitive” “Recent” Primitive” “Recent” 
Codes Codes Codes Codes 
AAb asN r—GAb asp 
AAd lys i. GAd ap]. 
AAe Iys GAe glu 
ACd thr GCd ala 
r—AGb ser GGd gly 
AGd IN GUd val 
AGe arg UAb tyr 
pAUb ilu UAd exn-[ 
AUd ilu —4—AUA ilu UAe gap 
AUG met UCd ser 
r—OCAb his UGb cys 
CAd his — UGd cys — 
—CAe gin l> UGe try 
CCd pro r— UUb phe 
CGd arg UUd phe — s 
CUd leu UUe leu 


clude the “newer” amino acids. This was done by increasing the specific- 
ity of the coding triplets so that a differentiation could be made between 
a purine (pu) or a pyrimidine (py) in the ''third" position; for example, 
AApu is the code for lysine and AApy for asparagine. This infers that 
lysine “lost” 2 of its codes. Such an increase in specificity could be ac- 
complished by modifying the amino-acid recognition sites in the ap- 
propriate SRNA molecules so that the “new” amino acids were now re- 
ceived by sRNA’s from their respective activating enzymes. The 
“charged” sRNA’s then delivered the new amino acids to the polypeptide 
chains during protein synthesis. During these changes, it is postulated 
that two “new” codes were acquired by leu from phe and two by either 
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ser or arg from arg or ser (Table 4). The “quartet” represented by GAd 
became divided between asp and glu; these 2 amino acids are quite simi- 
lar in their properties, and perhaps the “primitive” proteins used them 
interchangeably so that GAd meant “either asp or glu.” The case of met 
is of interest; so far only one code, AUG, has been assigned to it, and the 
triplet AUA is inferred as belonging to ilu by examining mutations al- 
though direct evidence for this assignment is not yet available. Perhaps 
methionine is the “newest” of the amino acids used in protein synthesis. 
Similarly, it seems definite that tryptophan is coded by UGG, but it is 
less certain as to whether it is also coded by UGA. 

The new knowledge of the genetic code opens the door to fresh inter- 
pretations of the facts of genetics and evolution. The task of determining 
the sequence of bases in a known gene is beyond the scope of today’s 
laboratory techniques, but intensive studies are being made of the amino 
acid sequences in the polypeptide chains of proteins. The results of such 
studies may be compared with the coding assignments for the amino 
acids. These comparisons will enable further conclusions to be drawn 
regarding the mutational and evolutionary changes that have taken 
place in DNA. 

The complex mechanism by which the genetic message is translated 
into proteins through a sequential train of biochemical events is ob- 
viously a ‘‘one-way” process; one cannot imagine amino acids detaching 
themselves from a protein, combining with sRNA, and lining up in order 
to synthesize a messenger strand which would return to the nucleus to 
make a new gene. In the irreversibility of the coding procedure lies a 
key to the non-inheritability of acquired characters which has so long 
been a source of frustration to those who wish to transmit somatic 
changes into succeeding generations, and to plant breeders who would 
grow bananas in Moscow. But, were there once protein molecules of “non- 
living” origin that gave rise, by some process long since extinct, to an 
ordered “sequence of bases in a nucleic acid which then was replicated? 
Such an event could perhaps have led to the selection and perpetuation of 
the first genetic information. 
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SIZE AND CYCLE — AN ESSAY ON THE 
STRUCTURE OF BIOLOGY* 


: By JOHN TYLER BONNER 


on some years I have been concerned about the problem of the rela- 
tion of genetics, evolution, and development. It has always seemed 
that their conventional relation is to some extent static and contrived, 
while in fact they must be closely integrated and part of one scheme. A 
problem with so many interrelated facets can be looked at a number of 
different ways, and here one will be chosen which it is hoped will help 
to reveal some of the fundamental relations. The method holds no dispute 
with any of the basic tenets of modern biology; this is not an attack on 
either the facts or the theories of biology today. Rather it is a regrouping 
of those facts and theories in such a fashion that new and deeper insights 
may possibly be achieved. 

Part of our present difficulty is that so many of our ways of looking at 
biology have slowly grown out of the past that we are infiltrated and 
imprisoned by a massive tangle of traditions and conventions. What we 
teach today is part biology and part history. There is nothing wrong with 
this but we do not always know where one begins and the other ends. 

The view taken here is that the life cycle is the central unit in biology. 
The notion of the organism is used in this sense, rather than that of an 
individual at a moment in time, such as the adult at maturity. Evolution 
then becomes the alteration of life cycles through time; genetics the 
inheritance mechanisms between cycles, and development all the 
changes in structure that take place during one life cycle. 

When looked at this way the size of the organism in the cycle takes on 
a particular significance. Size is correlated with time, for in general large 
organisms have long cycles and furthermore the different parts of the 
eycle can be readily classified on the basis of their size characteristics. 

The life cycle is a summation of all the molecular or biochemical steps, 
one following another in a well-ordered sequence. The difference between 
two cycles is a difference in the nature of the steps. They differ in their 
structure, their composition, and therefore the life cycle is a qualitative 
unit. A change in size of the organism, on the other hand, does not 
necessarily require that there be a qualitative difference in the steps, but 
merely more steps. Therefore the life cycle is quality, and size is quan- 
tity. One is a statement of composition of matter and the changes in that 
composition; the other is merely a statement of quantity. Just as in 

* This article is the introductory chapter of an essay on the structure of biology 
in a book entitled Size and Cycle, published in September 1965 © Princeton Uni- 
versity Press. We are indebted to the author and the publisher for permission to re- 
print this chapter of the book and the accompanying ilhistrations of the range of size 
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Life cycles of wheat (above) and the giant sequoia (below). These are drawn on a 
logarithmic scale so that the sizes of the organisms at different points in their life 
cycles may be compared. f, fertilization; m, meiosis; 2N, diploidy. From original 
etchings by Patricia Collins. 
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chemistry it is vital to know for any reaction the nature of the ingredients 
as well as their amount, in biology we are concerned with size and cycle. 

Tn this book biology will be examined within this frame, and the ques- 
tion may fairly be asked what are we to gain from this approach? What 
will we have that we do not have at the moment? 

I hope first that we will see more clearly what are the prime questions 
to be answered by the experimental biologist so that the mechanism of 
the forward progression of the life cycle may ultimately be understood. 
Secondly, I hope that we will see more clearly what are the prime ques- 
tions to be answered by the environmental or evolutionary biologist so 
that the mechanism of evolutionary progression and ecological success 
may ultimately be understood. Finally, and most important of all, I hope 
that it will be possible to show that these two great areas of future inquiry 
and research are not separate, but firmly woven together into one large 
fabric; biology is not two disciplines, but one. 

It may be helpful to examine in more detail how the view taken here 
contrasts with the traditional one. Even though the same thing is merely 
being said a different way, the difference is important and should be 
understood clearly. 

In standard biology the classification of organisms is based primarily 
on the following four criteria: 

1. In the first place animals and plants are put into groups on the 
basis of their structure or morphology. The principal criterion for group- 
ings such as species, genera, and all the larger, more inclusive groups is 
structure. This is particularly obvious in the case of asexual organisms, 
but in all cases it is appreciated that differences in structure have a 
genetic basis and that differences between species must be thought of as 
differences in gene pools. But the objects that are identified and classified 
are the construction and the shape of the parts of an organism. This is 
the basic currency of modern biology, though it is understood that this 
currency has genetic and evolutionary significances that are not always 
stressed, just as when one mentions a sum of money one need not men- 
tion where it came from or how it will be used. The objects of biology 
organisms are identified and classified on the basis of morphology. 

2. An organism is traditionally identified as an adult. Many authors 
have pointed out this curious fact. Although some organisms are classi- 
fied at least partially on their larval characteristics, by and large the 
object that is classified on the basis of its structure is the adult. As de 
Beer (1958) and others have pointed out, this has been a matter of 
necessity in paleontological studies, because usually it is the adult alone 
that is preserved, but the tradition is far more deep rooted than this. 
From the very earliest times, from Aristotle, from Linnaeus, and many 
others we find the structure of the organism automatically equated with 
the structure of the adult. I would suspect, for instance, that the average 
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reader would assume that in the preceding paragraph I was referring to 
adults only, even though I do not explicitly say so. This is so firmly en- 
grained in our way of thinking that it can only be consciously repressed. 
Perhaps it has something to do with the fact that we ourselves are 
adults, and it is difficult not to be subconsciously self-centered. Perhaps 
it is merely a matter of convenience; it is in fact the most practical solu- 
tion to the problem. Whatever is the reason, it is a deeply set tradition. 

8. Since Darwin and Mendel it has been recognized that variation is 
essential for evolution and natural selection, and furthermore it is fully 
appreciated that sexuality is a prime means of providing variation. Asa 
result, sexuality has been raised on a remarkably high pedestal and is 
generally assumed to be the only source of variation (even though many 
biologists know and have argued otherwise); sexuality has become a 
prime basis for the classification of organisms. This has occurred in two 
ways. One is rather artificial in that the sexual parts of an organism, such 
as the construction of the flower, are often used as systematic criteria. 
The other is that in sexual organisms the inability to interbreed is con- 
sidered the ideal criterion for the identification of two populations as 
separate species. Again, if we turn to explanations, it is hard to see why 
sexuality has become so conspicuous in our system of classification, al- 
though this is a problem for which Freud might provide a ready answer. 

4, Finally, besides being structural, adult-centered, and sexually 
oriented, our traditional system of classification is basically concerned 
with phylogeny. Again this is not a new point, and to counter it many 
biologists, especially ecologists, have been interested in convergence and 
in functional adaptations to a particular environment. But on the whole 
blood relations have been far more important than structural-functional 
similarities. For instance the fact that the wing of a bat is related to the 
forelimb of a quadruped through descent is considered of greater sig- 
nificance than the fact that the butterfly, the bird, and the bat can 
all fly with quite different structures which have had different evolu- 
tionary histories. Homologies are the basic stuff of biological classifica- 
tion; analogies are intriguing curiosities. In this notion, more than any 
other, we see our strong desire to bind history and biology. Evolution 
can only be thought of as a process in abstraction; our first desire is to see 
the phylogenetic tree all neatly laid out so that the begats go back to the 
first moment of life on earth. 

This is partly because natural selection, and our whole conception of 
evolution remains the most encompassing and the most useful theoretical 
frame that exists in biology. All the four aspects of classification that we 
have discussed are held in place by the firm grip of natural selection. 
Structure is the object of selection; the adults are adapted, by selection, 
to a particular environment; sexuality is the means of variation so neces- 
sary for selection as well as an isolating barrier in the formation of 
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species; phylogeny is the life tree that is shaped by natural selection. 

In modifying these four points, as I shall now do for the proposed 
alternative method of organizing biology, it must be emphasized that I 
have no quarrel with the significance of natural selection, nor with its grip 
on any scheme of classification or organization. My point will be simply 
that the traditional view is too restricted, and that a broader one will 
more accurately reflect the true state of affairs. But by taking this broader 
view something is lost as well as gained. The old system is illogical partly 
because it is useful, and what the new system gains in inner consistency 
it loses on the practical side. It is far easier to classify adults rather than 
life cycles. Adults can be skinned and dried, stuffed in drawers with neat 
labels attached; but storing a life cycle is a relatively impossible task. 
Even the whole approach to the problem of the identification of species is 
practical rather than logical, for as Mayr (1963) points out, in sexual 
forms one uses the criterion of the lack of interbreeding, while in asexual 
forms one uses morphological criteria. Nevertheless, though it may be 
impractical and cumbersome in the field and in the laboratory, a broader 
perspective may in fact be simpler and may shed more light at the 
source of all the problems. Let us now reconsider each of the four points 
mentioned above. 

1. Along with morphology or structure, let us add size. As has already 
been mentioned, and will be stressed in more detail later, structure is 
quality, while size is quantity. But in a flash, the sensible, practical bi- 
ologist will say what nonsense, for how can one classify animals on the 
basis of size? In any one genus, for instance, one may find an extremely 
large range of sizes and therefore this could hardly be a useful criterion to 
distinguish genera. One can only agree, and I would not ask the sys- 
tematist to use size any more than he now does. But this is not the point 
here, for I do not wish to use size to characterize taxonomic groups but 
rather to characterize particular life cycles. Size may be an important 
difference between two species in one genus and have consequences which 
permeate into its ecology, its reproductive activities, its evolutionary 
progress, its development, its physiological activities. In fact size is as 
important as morphology, or to return to our original words, quantity 
can have as much significance as quality. 

2. Not only the adult, but the whole life cycle will be considered the 
organism. This is an ancient notion, for philosophers have often pointed 
out that an individual conventionally means an organism in a short 
instant of time—in a brief time-slice. For example, if we refer to a “dog” 
we usually picture in our minds an adult dog momentarily immobilized 
in time as though by a photographic snapshot. The philosopher is quick 
to point out the shallowness of this convention, for is the dog not a dog 
from the moment of the fertilization of its egg, through embryonic and 
foetal development, through birth and puppyhood, through adolescence 
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and sexual maturity, and finally through senescence? As a matter of fact 
even the decaying carcass of a dead dog is still a dog, although we imagine 
ourselves clear in our minds as to the difference between the alive and the 
dead. Therefore we can say that in a more general sense an individual 
live dog may be defined as that which fits in the whole span between 
fertilization and death, although later we shall consider the problem of a 
precise definition of a life cycle. 

Stress on the whole life cycle has already been provided by the de- 
velopmental geneticist, for he has seen the great significance of the fact 
that genes do not express themselves just in the final stages of the forma- 
tion of the adult but all during the course of development. Furthermore 
it is well recognized that certain genes do not act until senescence, and 
therefore the thought that genetic effects appear during any stage of the 
life cycle is quite accepted. The ecologist also has been aware of the sig- 
nificance of the different stages of the life cycle. But here we are making 
the even more radical suggestion that for all considerations the life cycle 
as a whole is pivotal. 

3. Variation control can be achieved in a number of other ways besides 
sexuality, a matter which will be considered in detail later. Though this 
is true, it must be admitted that sexuality is by far the most important 
method. Since we are not concerned here with traditional taxonomy and 
species identification, its significance there is outside the present discus- 
sion. 

Sexuality frequently plays a key role in the discussion of life cycles, 
but again it will not be emphasized here. For instance the position of 
meiosis in the life cycle will determine what part of the cycle is haplo- 
phase and what part diplophase, but whether the genome is represented 
once or twice (or more) seems to have remarkably little effect upon the 
construction of the organism itself. For instance, by experiment it is 
possible in the moss to prevent fertilization and produce haploid sporo- 
phytes without any significant morphological change. And again the 
ploidy can be changed by experiment in many plants and animals with- 
out radical structural modifications. Because of these facts, and because 
asexual organisms also have life cycles, the number of chromosomes in 
any part of a cycle is unimportant as far as the progression of the cycle 
itself is concerned. As will be shown, its significance lies rather in the 
control of the amount of variation; it is one of many factors which con- 
tribute to this control. 

_ 4, It has already been stressed that here we are not interested in 
phylogeny or practical systematics, and that the system of classification 
to be used is based on the life cycle of organisms. Therefore analogy 
rather than homology, and convergence rather than ancestral ties, will be 
emphasized. The characteristics of a particular cycle are significant, 
rather than how they arrived through history. This is not to say that the 
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historical information is neither interesting nor important; it is simply 
not of concern here. We do not care whether a particular functional adap- 
tation is convergent or phylogenetically related; rather the nature of the 
functional adaptation will be examined. It is therefore not so much a 
question of how it got there, but what it is. 

The only thing that will not change in our comparison of the two ap- 
proaches to the organization of biology is the role and significance of 
natural selection. As before, everything lies within its firm grip, but now 
instead of saying that merely structure is the object of selection, we add 
that quantity or size is also. Before we said that adults were adapted, and 
now we add that all the other stages of the life cycle are adapted too. 
Before we said that sexuality was the means of producing variation for 
selection, and now we say there are other lesser means as well. Before we 
said that phylogeny was at the center of all systematic considerations, but 
in our new systematics the immediate existence of a life cycle, with its 
functional adaptation to its surroundings and its corresponding struc- 
tural changes, is of prime importance. 

So far, all I have done is to point out some of the main features of the 
approach to be used here and contrast them with traditional ones. Now 
we must delve more deeply into the approach and examine the method in 
detail. 


- AMERICAN SCIENTIST, 53, 1965 


A STRATEGY FOR MARS 


By CHARLES RICHARD WESTON 


ACH month a few more rockets poise briefly alongside their gantries 
before leaping into space. Even with the launching of the first 
modern rocket it was clear that man someday would send his instru- 
ments and ultimately himself into space and to the planets. Goaded now 
by our innate curiosity, our sense of adventure, and our politically 
motivated desire to demonstrate United States technological superiority, 
our rockets have begun plumbing the void and sounding the surface of 
our planetary neighbors. Granting the capability for and inevitability 
of planetary exploration, the biologist should be asking how biology 
might be represented in these missions; what experiments could be done, 
and how they should be implemented. 

Thus far, biology in space has fallen into three distinct areas. One is 
relevant to the problem of putting men in space. In order to guarantee 
that astronauts will be able to function properly in space and return 
safely, a considerable amount of research is necessary into the effects of 
acceleration and vibration during launch, and into the influence of 
weightless conditions while in orbit. Broadly this can be characterized as 
human physiology. A second area of study with a more general biological 
scope could be termed environmental biology; it refers to phenomena 
which can be studied exclusively in space, in particular, the biological 
effects of cosmic radiation and weightlessness. Since the evolution and 
adaptation of all organisms on the surface of the Earth have taken place 
in a gravitational field, it is reasonable to expect that normal functioning 
and development—in some cases at least—depend upon the presence 
of this gravitational field. In fact, such cases already are known, e.g., the 
orientation of plants with respect to the gravitational field and the re- 
sponse of renal and coronary activity to hydrostatic pressure developed 
in the circulatory system as a result of gravity. We can expect more to 
appear with further study. The third area of biological interest concerns 
what we can learn about the origin and evolution of life by studying the 
rest of our solar system. Logically, the entire universe would be included 
in this study, but our rocketry and communication technology restricts 
us in the foreseeable future to nearby planets and interplanetary space 
whence we can receive telemetered results in reasonable lengths of time. 
After careful consideration of the known environmental conditions ot the 
planets, only Mars appears as a serious contender as an abode of life. 

The time is approaching, no doubt in the coming decade, when space- 
craft will land on Mars. To the biologist this has a special importance, for 
it will allow him to test some assumptions about the origin and evolution 
of life which cannot be tested on the Earth now that living organisms 
have transformed its surface. Moreover, the demonstration of life would 
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add a new dimension to biological thinking. 

The remainder of the discussion will be concerned almost exclusively 
with this third aspect of space biology. I intend to examine briefly the 
potential of Mars to contribute significantly to the advance of funda- 
mental biological inquiry, to consider some of the pros and cons in the 
controversy over the possibility of Martian life, but especially, I would 
like to dwell upon the special problems to be faced in preparing a pro- 
gram of remote exploration of an unknown planetary surface for or- 
ganisms of unknown ilk by means of automatic instrumentation. 


Biological Interest of Mars 


Let me begin by assuming that life does not exist on Mars. What, we 
must ask, would be the significance of such a discovery? What biological 
experiments could we do on a world in which life is conceivable but does 
not exist? An answer to these questions requires that we review briefly 
the theory of life’s origin: It is believed that, during the early evolution 
of the Earth’s crust and atmosphere, chemical and physical changes 
took place which resulted in the abiological formation of organic com- 
pounds. Indeed, in the last fifteen years experimental evidence has been 
adduced to demonstrate just how, in the primitive Earth’s atmosphere, 
organic compounds could have been produced abiologically (see Miller 
1955, Oró 1960, Ponnamperuma, e£ al. 1963). Prior to the emergence of life, 
these compounds would have accumulated in the seas to form a “dilute 
soup”—raw materials for a biochemistry. From such a mixture life must 
have arisen; at some point these chemicals were joined in a complex 
structure having the ability to metabolize and to reproduce itself. 
Thereafter, the history of life became that of organic evolution and 
diversification of species as elaborated by Darwin and his successors. 

The largest gap in our theories about the origin of life is that step be- 
tween an accumulation of complex organic compounds and the first re- 
producing organisms. On Earth, all evidence which may have existed on 
the early chemical accumulation has disappeared, as these compounds 
have long since succumbed to the voracious metabolism of the ubiquitous 
microbes. If any such organic compounds are being produced today, they 
immediately would suffer the same fate. Thus, we cannot on Earth study 
the preconditions of life. However, we could learn a great deal on a 
planet with a history similar to Earth’s but which never passed beyond 
the prebiological state. The study of a virgin planet would afford a 
unique opportunity to learn about the early stages of the evolution of 
life. Mars, if it is lifeless, may afford just such an opportunity, a chance 
to study the chemical evolution of a planet before it is transformed by 
living creatures. 

The more exciting prospect, of course, is that Mars may have its own 
indigenous life. If this is the case, we will have entirely independent 
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reference points upon which to build our theories and speculations. I 
can think of no issue more challenging to the philosophical position of 
men than the possibility that life can evolve throughout the universe 
given the proper physieal and chemieal milieu. In addition, the purely 
scientific problems are fundamental to biological thought. Some bi- 
ologists have immediately seen that basic tenets of biology could be put 
to test if an indigenous flora and fauna existed on other planets, e.g., 
the universality of the protein-nucleic acid chemistry of life, or the 
ubiquity of sexual mechanisms. We already know innumerable excep- 
tions to the generalized mitotic and meiotic cycle: Might one of these be 
ascendant on Mars? 'The added perspective of an alien world would be 
invaluable in checking the theories which we have proposed to explicate 
life and its working. We may hope to learn to what extent the observed 
patterns of life around which we build our theories are merely accidental 
and apply only to Earth, or to what extent they are universal and can be 
extended to other planets. Note that the discovery of Martian life would 
be only the first step. In fact, if no more were learned than its presence, it 
would be an interesting but essentially trivial discovery, since such 
knowledge alone would provide no basis for generalization. It would, 
however, open the way to the really challenging job of retracing on 
Mars the early steps of biological exploration on Earth, but with the 
added possibility of an interplanetary comparative biology. The study 
of a Martian biota would have all the zest of the exploration of a newly 
revealed continent, with a special intrigue resulting from the novelty of 
the Martian environment. 


Life on Mars 


The likelihood of detecting life-on Mars is compounded of the prob- 
abilities that there is an indigenous life, and that, being there, we can 
detect it. Let me begin by making clear my belief that no amount of 
speculation or Earth-based observation can resolve the first "issue. 
The most we can accomplish on Earth is to exclude the possibility that 
life in any of the forms we know could survive on Mars. Certainly, when a 
major objective in going to Mars is to determine to what extent life 
may have developed on Mars differently from on Earth, it is illogical to 
conclude a priori that an environment that is marginal or unduly hostile 
to terrestrial forms is necessarily unfit for organisms which have evolved 
under the selective pressure of this alien environment. Nonetheless, a 
number of people upon viewing the Martian environment have con- 
cluded that it is incompatible with life. In considering their objections 
I would like to apply the following axiom to decide whether a particular 
environmental parameter on Mars can be deemed incompatible with 
life: Where any terrestrial form can be shown to survive in a given en- 
vironment, it must be concluded that natural selection in an alien en- 


498 AMERICAN SCIENTIST 


vironment will have assured the survival of adequately adapted or- 
ganisms. As a corollary, I suggest that where no terrestrial form has 
been shown to survive an environmental extreme, the burden of proof 
rests upon those who maintain that it is, therefore, unsuitable for life. 
Considering the long history of discovery of organisms with unique 
adaptive capabilities—especially among microorganisms—there is 
always the lingering possibility that subsequent investigation will reveal 
an adaptable form, and thus, only the strongest arguments based on a 
principle of exclusion can be convincing. 

Let us then examine the Martian environment and its suitability for 
life. 

Our best estimate of the surface temperature of Mars indicates that 
during summer months the temperature will be above freezing for about 
four hours each day, reaching a peak of perhaps 30°C. Each afternoon 
the temperature plunges precipitously below zero where it remains for 
some twenty or so hours. Such conditions are approximated few places 
on Earth, and nowhere that life abounds. And yet, this diurnal freeze- 
thaw cycle, which at first appears so particularly disadvantageous for 
life has been shown experimentally not impossible for life at all. Young, 
et al. (1964) have shown that the terrestrial bacterium Aerobacter aero- 
genes can survive a diurnal freeze-thaw cycle where the medium is 
thawed for only fifteen minutes out of each day. Applying the principle of 
demonstrated adaptability, we must conclude that the low Martian 
temperature is not a strong argument against the presence of life. 

Likewise, we can easily dismiss the suggestion that absence of oxygen 
in its atmosphere must preclude life on Mars. The insistence by some 
that life demands oxygen is simple ignorance of our own biology. Coming 
as it does from biologists in some instances, it is particularly unfortunate. 
As any microbiologist certainly knows, there is a great host of organisms 
which thrive upon or even require the absence of oxygen. The truth of 
this is found in wine. Oxygen is the winemakers’ bane, for it encourages 
the production of vinegar by oxygen-loving bacteria. Only in the absence 
of oxygen does yeast transform grape juice into wine. Even higher plants 
(e.g., cucumbers) have demonstrated unsuspected tolerance of anaerobic 
conditions during part of their life cycle (Siegal, et al., 1963). We recog- 
nize, of course, that in the absence of an oxygenated atmosphere con- 
straints upon the biochemical reactions are to be expected, but we cannot 
conelude that life is impossible. 

Occasionally, it is suggested that plants and animals, as we know them 
anyway, could not live under the low atmospheric pressure of Mars. 
However, many organisms easily tolerate low pressure, with the signif- 
icant effects of low pressures on living systems generaly acting in- 
directly by modifying the environment. For instance, low pressures 
necessarily result in lower partial pressures of one or more atmospheric 
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constituents, and it is principally the partial pressure of a gas which 
determines its availability for metabolic use. 

Moreover, the rarified atmosphere on Mars presents little, protection 
against ionizing and ultraviolet radiation. The Martian surface may be 
subjected to virtually unattenuated cosmic radiation which would 
produce by high-energy interactions a peak level of secondary ionized 
particles in the soil (in contrast to Earth, where the peak production of 
secondary particles is in the upper atmosphere). However, the ion level 
predicted (O’Gallagher and Simpson, 1965) is in the order of that recom- 
mended for prolonged exposure of industrial workers; obviously not 
fatal. As on Mars today, terrestrial proto-organisms must have been sub- 
jected to ultraviolet radiation greatly in excess of the present terrestrial 
level, for geological studies indicate absence of an ultraviolet shield of 
gaseous oxygen and ozone in the primitive Earth atmosphere. If our 
proto-organisms were heterotrophic, as seems likely, they could have 
survived in sheltered nooks and crannies where they were not exposed to 
light. The evolution of absorbing pigments in the superficial layers of an 
organism would have provided shielding, and thus open irradiated en- 
vironments to habitation. Perhaps this may have been the original role of 
pigments which later evolved into a photosynthetic apparatus. Sec- 
ondarily, the pigments would have been used to capture and utilize the 
radiant energy which was initially a menace. We can imagine, in any 
case, where terrestrial organisms in their emergent struggle for survival 
found refuge from ultraviolet light, Martian organisms would have been 
equally successful. 

More important than the foregoing considerations, low atmospheric 
pressure means lower vapor pressure, and thus boiling temperature of 
water. At 10, 25, and 50 mb (suggested Martian pressures) the boiling 
points are respectively 7, 21, and 33°C. Inasmuch as vital functions of 
life are confined between the freezing and boiling points of water, the 
range of vitality will be restricted on Mars. 

If it is to proceed at an appreciable rate, the chemistry of life must 
transpire in a liquid solvent—water for all cases we know. Mariner IV 
photographs failed to reveal patterns of erosion which might indicate 
large amounts of water during the age of the present surface. The in- 
tensity of cratering has led to conflicting interpretation as to what this 
age might be, ranging from a few hundred millions of years to nearly the 
age of the cosmos. Measurements designed to detect atmospheric water 
spectroscopically have only recently been successful. They have indicated 
a mere fraction of the water present in our own air. However, the paucity 
of water in the atmosphere or the absence of large bodies of water on the 
surface does not necessarily imply that water is not present on the sur- 
face. Rather, it is a reflection of the low night temperatures. During the 
night, excess water above the vapor pressure will crystallize and pre- 
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cipitate as ice or snow, while in the day there will be only a limited time to 
re-establish equilibrium between ice and vapor. The soil heated directly 
by the sun could have liquid water in the interstices of the soil particle 
surfaces and a water-vapor saturated pore structure during the warmth 
of the day. This would be an ample environment for microbial growth. 

There can be no doubt but that the scarcity of water and its narrow 
liquid range is the single most damaging argument against Martian biota. 
Still, only a detailed study of the surface can eliminate the possibility 
of localized concentrations and show if water was available on a geo- 
logical (aerological) time scale. 


Need for Hasie 


Biologists who have proposed experiments for Mars are understand- 
ably impatient to get a program under way. They have been rebuked on 
occasion for not being willing to wait until the technological problems 
of landing larger payloads have been solved. With larger payloads many 
experiments complementing one another can be run, thus increasing the 
value of each experiment, while obtaining greater assurance of some 
successes. The argument is that more reliable, sounder, and simply more 
experiments can be done if we are patient. The brutal fact is that we 
cannot wait. We have in practice probably about ten to fifteen op- 
portunities to explore Mars for life as I shall elaborate below. This 
limitation follows from the necessary condition that a biological in- 
vestigation must proceed on the assumption that anything living on 
the surface is indigenous to that surface. This means that, in the course 
of our investigations, terrestrial organisms must not be introduced. 
In the last section I tried to support the conclusion that Mars could 
support life, but my reasoning has another important implication, i.e., 
terrestrial organisms could survive, and perhaps in some cases reproduce 
on Mars. Even a very few viable terrestrial microbes reproducing on 
Mars would interfere with biological studies. If ever they are introduced, 
or even if there is a suspicion that they might have been introduced, 
future studies on Martian organisms will be rendered ambiguous or impos- 
sible to interpret, since, thereafter, there will always be doubt as to 
whether any results reflect the activities of Martian or terrestrial life 
forms. This means that, in the course of exploration, scrupulous attention 
must be taken to decontaminate any vehicles which will land on the 
surface. 

In view of the present world political situation we have to face two 
possibilities. One is that we ourselves may contaminate Mars, and the 
other is that the Russians may contaminate the planet. Faced with the 
frustrating task of designing electronics capable of sterilization, our own 
engineers and scientists may ask (are, indeed, already asking) that 
exceptions be made to the established spacecraft decontamination pro- 
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cedure (baking the entire spacecraft at 135°C for 24 hours immediately 
prior to launch). Granting of waivers for alternate decontamination 
procedures on any items will seriously jeopardize sterility of the capsule. 
We must also recognize the possibility that before the end of this century 
there will be spacecraft capable of sending an astronaut crew to Mars. 
At that time it will very likely be difficult to “stem the tide of progress” 
and prevent them from landing. What is crucial is that it is impossible 
to decontaminate a man in such a way as to assure that there are no 
bacteria or other microorganisms on his surface or in his tissue. Every 
individual has an intestinal and intracellular flora which cannot be 
removed by any known method, and we must assume that some or- 
ganisms will escape from an astrdnaut’s suit into the environment. 
Therefore, we are faced with a deadline before which we must execute 
our biological experiments, i.e., the first manned landing. 

The prospects of Russian contamination are more difficult to assess, 
but the indications are not encouraging. The Russians have said that the 
United States was further along in considering sterilization problems, 
and that they, the Soviets, were not prepared to discuss the matter. 
Some of their most noted biologists have expressed scepticism even that 
sterilization conditions can be met. On their lunar landings they have 
treated their spacecraft with steam and formaldehyde for decontamina- 
tion. Since it has been demonstrated that microorganisms can survive 
inside electronic components (Miller, 1962), and since the sealed inner 
parts of a spacecraft would not be reached, it is obvious that neither 
steam nor formaldehyde is adequate to decontaminate a spacecraft. 
In any case, the Soviet space program is a military program and, as such, 
the biologists do not have a final say in how it will be run. Hence, we are 
forced to proceed on the most pessimistic assumption that the Soviets will 
not be as conscientious about spacecraft sterilization as we have been. - 
In that light, we already have cause for concern over the fate of the 
Soviet probe Zond II, which was last contacted halfway to Mars on a 
heading to bring it within 500 miles of the planet. 

Let us, though, for a moment assume that all due precautions had been 
observed in decontaminating both our and Soviet spacecrafts. We still 
could not have absolute assurance that no single resistant microbial 
spore would survive. The practical and conceptual difficulties of achiev- 
ing complete sterilization have been considered elsewhere (Jaffe, 1963). 
I only wish to make the point that, due to the statistical nature of micro- 
bial response to sterilization treatments, there is always a small but 
finite probability of contamination. The presently stated goal of one 
chance in 10,000 of a surviving organism seems acceptable, but it must 
not be taken as absolute sterility. 

Clearly we are not in a position to bide our time as long as we cannot 
feel that the Soviets share our concern over the conservation of the 
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information which is available on Mars, information which is irreplace- 
able once the planet has been contaminated. Nor can we remain com- 
placent when we realize that each landing, however well treated to 
prevent contamination, decreases the faith we can have that the planet 
is still unpolluted. Furthermore, if one accepts the assumption that once 
the capability exists, men will be sent to land on Mars, our opportunities 
to study an uncontaminated planet are distinctly limited. By the end 
of this century we will have most certainly landed on the red planet. 
With Earth/Mars conjunctions occurring only once in 25 months, there 
remain only 16 opportunities between today and the year 2000. To insure 
reliable results, and perhaps to get any results at all with existing limita- 
tions, it will be necessary to take maximum advantage of each and every 
conjunction as it presents itself. 


Some Problems in Experimental Design 


One of the most tantalizing possibilities of the biological exploration 
of Mars is that an independent evolution of Martian organisms would 
imply evolution on the boundless planets of the universe. Paradoxically, 
our detection procedures based as they are on terrestrial standards, will 
not settle this possibility. Their success would even reduce this possibility 
in favor of the Arrhenian hypothesis of panspermia or Ander’s (1963) 
suggestion that chips expelled by meteorites striking the Earth might 
carry life to our neighbor planet. For if we find an enzyme which activates 
an automatic assay, or a "bug" which metabolizes the substrates we 
tender, we must conclude that these pathways or this enzyme are held 
in common by a Martian counterpart of our terrestrial model. So we must 
choose between experiments which would work on Earth but not dis- 
criminate between alien biochemistry, or experiments which we cannot 
demonstrate workable, but which—by working—would demonstrate a 
difference. There is admittedly no theoretical limit to the experimental 
pathways which we might try that wouldn’t work on Earth; but, alas, who 
shall advocate experiments which won’t work! 

Although it would take me too far afield to discuss how we might 
resolve this dilemma, I would like to make a few points. Anyone who has 
considered the problem must soon reject the notion that morphological 
distinctions will resolve the question of a distinct origin for Martian 
denizens. We are too familiar with examples on Earth of the vagaries of 
evolution to reach such a conclusion. Indeed, I suspect we would be 
mightily disappointed to be greeted on Mars by the same taxonomic 
faces; our intuition and our myths demand monsters. 

Not so obvious, but true T believe, is that functional similarities will 
no more establish generic affinities than will dissimilarities prove the 
converse. The ability to metabolize is shared by men and microbes, but 
their chemical tactics in demolishing a molecule frequently are com- 
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pletely disparate, and the ultimate fates of the constituents are equally 
unrelated. This view can actually be presented as the engineers’ black 
box problem: In an experiment devised to identify input and output we 
eannot deduce the pathways within the box. For a given input and output 
we can propose a multiplicity of biochemical pathways. 

No doubt the strongest possibility for determining whether a ter- 
restrial or Martian life has a distinct origin is that of finding important 
differences at the molecular level. One of the oldest suggestions is that, 
in contrast to terrestrial biochemistry, only D-amino acids might partic- 
ipate in Martian protein synthesis. Another suggestion has been that an 
alternate sugar substitutes for ribose in nucleic acids. In other words, we 
might look for distinctions among what we know as universal chemical 
attributes of life, e.g., porphyrins, purines, pyrimidines, etc., but none- 
theless a recognizable biochemistry. 

A recurrent suggestion is that Martian biochemistry would be alto- 
gether and completely unique in our experience. While I tentatively 
concede this possibility, I prefer for the moment the more conservative 
view that the suitability of carbon as a catenating atom and the unique 
claims of water as a solvent for living systems is not entirely derived in 
our ignorance and limited perspective, but, indeed, has a more or less 
universal application. 


Negative Resulis and Their Implications 


Let me acknowledge at this juncture, considering the number of 
assumptions that must be made in designing a life detection experiment, 
the relatively low probability that any early attempt at life detection will 
give positive answers. Recognizing as I do this possibility, it is necessary 
to consider what the significance of these negative answers would be. 

Inherentin the mission are two possibilities for falsenegatives. On the one 
hand, the instruments may merely fail to operate correctly. As long as we 
know the cause, such a negative clearly is insignificant. Thoughtfully 
planned monitoring functions in the instrument can reduce the likelihood 
of instrumental failures passing unnoticed. The other possibility, of 
course, is that there may be living organisms on the surface of Mars, but 
their metabolism, their chemistry, or their ecological habits are such that 
the conditions which are supplied in trying to detect their presence are 
not adequate to stimulate their growth or metabolic activity. 

Most of the suggested life detection procedures suffer from one con- 
ceptual limitation. They are limited by the assumption we must make 
that we are looking for life which is based on a chemistry similar to that 
of terrestrial organisms.* In the light of what we know about living 
organisms and the chemistry of life this assumption seems quite plausible. 


* Excepting of course microscopic and other “looking” experiments; but they 
present a unique set of problems which deserve a more thorough treatment elsewhere. 
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In fact, no one has seriously proposed alternate assumptions which would 
warrant continued study. However, it is not inconceivable that some 
modifieations in the chemistry, perhaps ones we would consider minor, 
would yet influence chemical behavior of a Martian organism enough to 
invalidate the assumption made in setting up detection experiments. 

Naturally, in the event of negative results we would like some clues to 
guide future experiments. What new media might be used? What tem- 
perature or pH? Well-designed experiments would in themselves narrow 
the possibilities for further attempts, and thus, although they be nega- 
tive, they need not be without significance. Answers to the questions 
above require a greater knowledge of the Martian environment. As more 
environmental information becomes available from Earth-based observa- 
tions and orbiting and landing missions, we may well get the information 
necessary to plan affirmative experiments. 

Finally, the answers may be negative because Mars, indeed, is lifeless, 
and negative answers the only possibility. It is not obvious, though, how 
we can determine whether negative answers imply that the experimental 
assumptions were false, or that the basic hypothesis of life is nullified 
and that future experimentation should be concentrated on pre-life 
studies. I do not know how to approach this problem. I have only my 
suspicion that, in the absence of a rational resolution, sceptics will find 
their scepticism confirmed and believers their faith unshaken by negative 
results. 


Payload Selection for Mars Missions 


Faced with the possibility of contamination even from carefully treated 
experiments, and a limited number of opportunities in any case, it seems 
imperative to get biological experimentation under way immediately. 
However, how can we justify biological investigation on the first landings 
when there is barely enough information to plan an experiment, and the 
resultant expectation of positive results is so low? Ought we not concen- 
trate in early missions on elucidating the environment in preparation for 
further studies? Faced with a choice between an immediate need to 
begin the biological studies which are intrinsically long shots and en- 
vironmental studies which have a high probability of yielding informa- 
tion (but information which may or may not be applicable to subsequent 
investigations as I shall discuss below), the question resolves itself into 
one of strategy. In other words, how should the effort be divided, 
especially on the first mission, between low risk/low yield and high risk/ 
high yield experiments? 

At the one extreme, if primary consideration is given the arguments on 
the importance and urgency of biological studies, the mission could be 
composed entirely of the biological experiments. This approach would 
have the advantage of testing a diversity of life detection concepts, and 


! 


A STRATEGY FOR MARS 505 


so increasing the chances of getting positive results from one of them. 
However, when you consider that the probability of each experiment 
yielding positive results is extremely low, the chance of negative results 
remains relatively high, since the sum of several very low probabilities 
is still a low probability. 

Negative results carry with them what might be called a tactical 
penalty. The biological analysts might conclude that these negative 
results would not negate the value of the mission, and should not carry 
the implication that further experimentation can be stopped. Yet to be 
realistic it must be recognized that, to an outsider who is not aware of 
the limitations imposed by the assumptions the biologist is forced to 
make, and who has not been thoroughly informed of the purpose of each 
experiment, it will seem strange that experiments will be continued and 
more money sought to continue a series of experiments which have been 
“unsuccessful.” The popular press has already taken the statement that 
the Mariner flyby pictures do not show any life to the conclusion that 
there is no life. The press has largely ignored the fact that our satellites 
at 150 miles do not see life on Earth (Sagan and Murray, 1965), so how 
could Mariner IV at 7500 miles have seen anything? Misinterpretations 
of this sort carry the risk that funds for furthering of the biological pro- 
gram in space will be cut off by an early negative. It is easy under these 
circumstances to appreciate the viewpoint that a positive result of a more 
trivial question is preferable to the negative results of a particularly 
significant question. 

The immediate scientific penalty is equally high. For, while it may be 
true that certain experimental possibilities could be excluded by negative 
results, it is also a fact that no basis would have been established to guide 
the design of future experiments. 

In recognition of the fact that the limited data available at this time 
about the surface composition of Mars make it virtually impossible to 
design experiments certain to be compatible with the environmental 
conditions of Mars, it has been suggested that any early payload of 
sensors to land on the surface of Mars should be devoted exclusively to 
determinations of the chemical and physical environment. These meas- 
urements would include temperature, soil pH and salinity, ultraviolet 

- flux, air pressure, etc. That is to say, all of the information which we 
would like to have right now for the design of our experiments. These 
measurements—so the argument goes—would serve to reduce the number 
of assumptions necessary in setting up the life detection experiments. 

Obviously, this approach takes little or no cognizance of the argument 
that it is imperative to get biological results while the chance of contam- 
ination is at a minimum. However, even if there were no question of 
contamination, there are still weaknesses in the major argument in favor 
of initial landings of environmental studies, that is, the argument that 
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design of biological experiments subsequently could benefit from the 
greater knowledge of the Martian environment. It seems self-evident 
that the more we know about an environment, the better we will be able 
to anticipate the special needs of its inhabitants. And yet, I would offer 
the following challenge in regard to any suggested life detection concept: 
What measurements would alter the choice of experimental conditions, 
substrates, or media? For example, what might we look for in the Martian 
environment which would then tell us that we must use this, that, or 
any special chemical in the design of an experiment? Is there even any 
reason to expect that the range of choices will be narrowed by an environ- 
mental analysis? This is certainly not to suggest that we do not wish to 
make an analysis of the environment. It would seem a priori that any 
measurement has potential for being useful, but it is not clear from our 
present vantage what measurements would be important. Thus, we must 
conclude that environmental measurements, although having a high 
probability of yielding positive results, might yield useless information. 

Even if we should get results from an environmental measurement 
which suggested changes in our experimental procedure, we still would 
be faced with an awkward decision; measurements made on one landing 
may not be applieable to subsequent landings. These measurements may 
not be valid since environmental differences might be great enough from 
one landing site to the next or one season to the next that one could not 
be sure that the second-generation experiments were being introduced 
into a similar environment. Consider the problem turned around: 
Imagine the perplexity of a Martian trying to deduce the nature of the 
terrestrial surface having information from successive landings within a 
hundred-mile circle in central California. Samples might come from 
alkaline deserts, arid mountain peaks, or littoral forests. Mars probably 
has a more uniform topography judging from Mariner IV photographs, 
but the criticism stands. In essence, the criticism is one of sampling 
technique, that is, not a large enough sample can be taken to assure that 
a representative environment has been measured. 

Unfortunately, even if we learned a significant bit of information and 
were confident that it represented an adequate sample, it could not be 
used on the next flight to Mars because of the exigencies of rocket tech- 
nology. By the time results from a Martian experiment are received, 
design of the next vehicle will have been frozen. The task of equipping 
and launching a space probe is so large and requires so many resources 
that planning must start years in advance of the mission. The goals must 
be firmly established and the instruments prepared on the order of two 
years in advance of intended launch; a lead-time which has been length- 
ening with successive launchings. Since the opportunities to launch to 
Mars occur at twenty-five month intervals, almost with the launch of 
one spacecraft it is too late to change the next, whereas relevant data 
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would be forthcoming only after an 8-0 month gestation in interplanetary 
space. This means that each set of experiments must be in some degree 
self-sufficient to assure that information is not lost for lack of supporting 
measurements. ` 

In light of the foregoing discussion I think it is manifest that exploita- 
tion of the biological opportunities on Mars will be best advanced neither 
by strictly biological nor by strictly environmental studies, but by a 
program combining the two approaches. In order of priority, we wish first 
to probe for signs of life or of pre-life evolution, and second to provide 
supporting measurements of the environment which can either elucidate 
positive results or guide redesign of biological experiments if the results 
are negative. However, realization of the first priority should not exclude 
the second, since supporting measurements are not merely adjuncts but 
necessary to the biological inquiry. Certainly, a significant fraction of an 
experimental capsule landing on Mars must be biological probes, but this 
may be the minor fraction (less than half) with the remainder devoted 
to environmental “back-ups.” 


To summarize: Mars presents a unique biological challenge, but one 
with conceptual uncertainties which are as formidable as the technolog- 
ical difficulties. To maximize our rewards we must utilize every oppor- 
tunity to land both biological experiments and associated environmental 
sensors on Mars. We must recognize the conceptual limitations in the 
biological search, but by sending a balanced payload we can be prepared 
to profit from the mission whatever may have been the vagaries of 
Martian evolution. 
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THE CHEMISTRY OF PROPELLANTS’ 


BY IRVIN GLASSMAN 


poe chemistry or selection has not changed with the advent 
of the space age,? but the requirements imposed upon chemical 
propellants have. This paper concerns itself with the question of whether 
ehemical propellants can meet these demands or not and what factors, 
fundamental and technological, govern the choice of specific propel- 
lants. 

In these times when so much is said about the needs for ultra high 
energy propulsion, one must necessarily reflect on the role of chemical 
propulsion in the space age. Regardless of the popularity of the so- 
ealled advanced propulsion schemes, all reasonable evidence to date 
leads one to conclude that chemical propulsion will be the major energy 
source for the next decade or two, particularly for the prime movers. 
Not only are chemical systems the most advanced in terms of the state 
of the art, but they also possess certain characteristics which are very 
important for the early exploration of space. Being the most advanced 
in the engineering sense and from the very nature of their high thrust to 
weight ratio chemieal rockets are the only power plants that presently 
supply the high thrust levels for the attainment of escape from the earth 
and minimum time trajectories between satellites and planets. Such 
characteristics as the production of oxygen and water, auxiliary power, 
thermal energy, etc., are further attributes of the system. 

The question of mininum energy orbits versus minimum time orbits 
is yet to be resolved. However, when one considers all the possible 
physiological and psychological hazards of space travel and the benefits of 
obtaining new data quickly, one tends to pay the higher price of chem- 
ical systems in order to obtain the benefits of travel times shorter by 
almost an order of magnitude. . 

Support of the basic conclusions reached in the above paragraphs is 
outside the scope of the material to be presented here. Nevertheless, the 
ideas put forth do show that the astronautic system will be important, if 
not the most important, users of chemical propellants in the space age. 
Later, it wil be seen that, for these chemical systems, maximum per- 
formance remains a primary requirement. 

The other important space age systems which use chemical propel- 
lants are obviously those concerned with terrestrial weapons. Here, the 
primary requirements are maximum simplicity, ease of operation, 


and low relative cost of mission. 
1 This article as an A.C.S. Lecture was first given in November, 1958, and was 
written as a Princeton University report in June, 1961. It is up-dated by a series of 


footnotes. 
? Sputnik I was launched October 4, 1957. 
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The cost of a military weapon to accomplish a particular mission 
and the development program which precedes it is so great that it 
becomes an important factor in the selection of the power plant and 
fuel. As a pertinent example, consider the current development of the 
F-1 engine. This rocket is to deliver one and a half million pounds of 
thrust. Examining its propellant consumption rate will suffice to make 
the point regarding cost. A designation of the performance of a rocket 
engine is its specific impulse, the pounds of thrust delivered per pound 
of propellants consumed per second. Current operational values of 
propellants of the type used in the F-1 are about 250 lb sec/Ib. Simple 
division of one and a half million by 250 shows that 6000 pounds of 
propellant per second are consumed. Three tons of chemicals are con- 


FORCES ON A MISSILE 


ROCKET THRUST 


ir 


Fig. 1 Fig. 2 


sumed per second! Thus, for a three minute operation test, about 
one million pounds are consumed and the total cost of the propellants 
alone could range from a million dollars down to one hundred tHousand 
dollars depending upon whether the average cost was one dollar a pound 
or ten cents a pound. 

Obviously, the total cost of a mission must be related to performance 
as well. If one propellant is cheaper than another, but more is consumed 
to accomplish the same mission, then the total cost of the cheaper 
propellant may be greater. Thus it is necessary to discuss the perform- 
ance parameter to be used throughout this paper, the specific impulse. 
A simple development from ideal rocket motor theory is given. Although 
elementary, this development may give greater insight into the discus- 
sion to follow. 

Consider a simple tubular chamber rocket motor with an axisymmetric 
converging-diverging nozzle as shown in Figure 1. The thrust F that it 
develops must be equal to the mov, of the exhaust, where m is the mass 
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flow rate of the propellants and v, is the velocity of the exhaust gases. 
If the pressure at the exhaust is equal to the ambient pressure then 


* F = Moea In = — = — (1) 


From the application of momentum and energy principle and the 
assumption that the specific heats, cp of the combustion gases remain 
constant throughout the nozzle expansion process, one obtains 


1 T, 
lw = AH = oTe — Te) = oT. (1 - m) (2) 


where AH is the enthalpy change across the nozzle, the subscript c 
refers to the chamber and the subscript e to the exit of the nozzle. If 
one assumes isentropic flow, then 


O-O” a 


where y is the ratio of the specific heats. Further 
Y R 
o7 iMWg e 
MW is the molecular weight and R the universal gas constant. Substi- 
tuting Equations 2, 3, and 4 into Equation 1 yields 


2 T. WY-73Y]1 1/5 
erm b-G) ^ e 
which makes it readily apparent that the average molecular weight of the 
combustion products of a propellant system is equally as important as the 
temperature which that system generates. 

In order to find other parameters of importance one must examine 
the exterior ballistics of the rocket as well. For example, treat the simple 
case of the vertical ascent of a missile. Figure 2 depicts such a missile 
and the forces acting upon it. Summing these forces, one obtains 


R 








F — D — Mg = Ma= MF (6) 


To simplify the analysis, it is assumed that the drag D and the mass 
forces Mg are small compared to F. This case would actually be that of 
a rocket ascending in a dragless atmosphere far from the surface of the 
earth. The acceleration a is then . 
2.45 FP 

o7 47M (7) 
Since the mass consumption of propellants in a rocket is constant, the 
mass of a rocket decreases linearly with time; i.e., 


M = Me (1~# (8) 
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Mao is the initial mass of the complete missile, t, is the time of powered 
flight, and æ is the ratio of initial mass of propellant to the gross mass 
of the vehicle. Thus 


. 


F= ae gap (9) 


M, 
e Isp = 


where M, is the mass of propellants. To obtain the velocity at the end of 
powered flight, one integrates Equation 7 after substituting Equations 8 
and 9, as follows 


Mo 
Higi 
w, foF Ç _ fro GI 
f. d= f. x*- f, (i-a) 
0 
bp 
= fo” rS) 
:- 6] 





or 

jy = —g Ip In (1 — o) (10) 
For multistage rockets with the same a, Equation 10 becomes 

vp = —ng Ip ln (1 — o) (11) 


where n is the number of stages. 

Inherent in @ is the average bulk density of the propellants. The 
more dense the propellant the greater is the value of o; however, an 
explicit dependency cannot be evolved since structural considerations in- 
fluence a as well; but density can be an important factor for a given 
mission. 

Other characteristics required of propellants are that they: 

(a) permit reliable systems to be developed. Complex controls re- 
quired of a specific propellant combination may make that combination 
unsuitable for a particular mission due to reliability. 

(b) be liquids within the military specification range of —60 to 160°F. 

(c) have good heat transfer properties for regenerative cooling. A 
rocket is cooled by passing one of its propellants through the cooling 
jacket and then into the combustion chamber. Thus, not only are the 
walls of the rocket motor combustion chamber kept at a sufficiently low 
temperature that thin structural members may be used, but there are 
no overall heat losses as well. 

(d) be non-toxic. The products of a propellant combination should 
meet this requirement as well. 

(e) be hypergolie. Hypergolicity is the property of spontaneous 
ignition under ambient conditions. 

(f) be non-corrosive. The products should be non-corrosive and non- 
abrasive also. 


512 AMERICAN SCIENTIST 


The actual various performance requirements for space missions are 
too numerous to be detailed here, but, as an example, a quick approxi- 
mate calculation of the escape velocity can be made. 

The kinetic energy of a missile must be great enough to overcome the 
work required by gravity 


xw = Mf ge (12) 


Assuming an inverse cs law for gravity, 


R 

zak CR + xy 
Z= = gk 

Vescape = VŽ pR £x 36,700 ft/sec (13) 


where R is the radius above the earth and z is the height above the 
earth. For a low in (circular) orbit satellite (x < R) 


Usateltite = V pl S 26,300 ft/sec (14) 


Some interesting presentations of space requirements have been given 
by Altman and are shown in Figure 3. The structure factor B is given 
by 


M. empty weight 
= p EE ____ 15 
B M, empty weight + M, propellant ( ) 


The weight of the payload is included in the term a which is defined as 
M propellant (16) 


a = 
M tota weight 


From Figure 3 one can see that important space missions can be 
accomplished with multistaging rockets having specific impulses of the 
order of 300-400 Ib sec/lb.* The question then arises: are specific im- 
pulses of this order available and if so in which propellant systems? 
Equation 5 points out that one wants to maximize T/M W; that is, have 
energetic systems which have low molecular weight products. 

Although many liquid propellant systems have been reduced to 
standard practice in the United States, four have commanded the 
greatest attention. They are nitric acid-aniline, acid-hydrocarbon 
(gasoline, J.P. or R.P. fuel), liquid oxygen-alcohol, and liquid oxygen— 
R.P. fuel. Perhaps two others will be added to this list shortly, they are 
Ns3O4mixed hydrazine and liquid hydrogen-liquid oxygen.4 Other 

* Figure 3 represents what can be accomplished with hilos whose gross weights 
are of the order of one million pounds. Present day systems weigh much more. 

4The Gemini booster's are Titan II’s whose propellants are N2O, and a 50-50 
mixture of hydrazine and unsymmetrical dimethyl hydrazine. The upper stage of the 


Surveyer (lunar soft-landing spacecraft) is called Centaur which uses a rocket with 
liquid oxygen and liquid hydrogen as propellants. 
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combinations used occasionally are hydrogen peroxide-mixéd amine fuel, 
hydrazine hydrate—N.O,, white fuming nitric acid (WFNA)-unsym- 
metrical dimethyl hydrazine (UDMH), ammonia-liquid. oxygen, ete. 
The most widely used combination is liquid oxygen-R.P. fuél. Gasoline 
is not used because of its expense compared with jet propulsion (J.P.) 
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fuel, a low grade kerosene cut developed for air-breathing jet engines. 
R.P. (rocket propulsion) fuel is the same as the J.P. cut except the 
aromatics are removed to prevent coking in the cooling jacket. Further, 
R.P. fuel is a narrow-cut petroleum so that there is a smaller density 
variation from batch to batch. Of the four systems that have been most 
widely used, oxygen-hydrocarbon is obviously the most energetic. In 
fact, it is apparent that the oxygen systems will give higher performance 
than the corresponding acid systems. 


. 
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At 300 psia chamber pressure and sea level exhaust, the oxygen- 
R.P. combination has a specific impulse of 264 secs (Ib sec/Ib), and if 
the exhaust pressure is lowered to vacuum conditions the impulse ap- 
proaches 336 seconds. Since liquid oxygen is apparently a good oxidizer, 
it is natural to seek other fuels to be used with it which will give still 
higher performance than that mentioned above for the normal hydro- 
carbon. 

There are over a hundred elements in the periodic table and thus 
the possible fuel combinations become fantastic. However, the basic 
purpose of specific compounds in propellant systems is to introduce 
certain elements into the system. The amount of energy released by a 
given propellant combination is equal to the differences in the heat of 
formation of the products and reactants; i.e., 


Q = — [ D nb); — 22 m(AH, | (17) 
J, prod k, react 4 


where Q, is the energy release in the chamber, AH, is the standard 
State molar heat of formation at a given reference temperature such as 
298K, and n is the number of moles of each j product or k reactant. 
The heats of formation of the products are large negative values and even 
the introduction of the most energetic reactants only affects the overall 
energy release slightly; to state this postulate more correctly, the first 
term on the right-hand side of Equation 17 is always much greater than 
the second. Thus, a rapid method to determine the most energetic fuels 
is to evaluate their heats of combustion. For rocket considerations, one 
must realize that the heat of combustion of concern is that per unit 
weight of fuel and oxidizer since the oxidizer must be carried in a rocket 
system. The normal heat of combustion considered is that per unit weight 
of fuel. 

An interesting plot facilitates comparison of the heats of combustion. 
If one plots the heat of combustion of the elements in kcal/gm of fuel 
and oxidizer as a function of atomic number, he will note a certain 
periodicity. The choice of the atomic number as the abscissa is strictly a 
convenience. Figure 4 is such a plot based upon liquid oxygen as the 
oxidizer. It is to be noted as well that for the elements the ordinate is 
simply the negative of the heat of formation of the corresponding 
product oxide.5 Further, compounds can be placed on this figure as well. 
Of particular interest here will be the hydrides and the hydrocarbons. 
In general, all such compounds must fall between the elements from 
which they are constituted. Thus, all hydrocarbon heats of combustion 
fall between C and H, the various hydrides between the particular parent 
element and hydrogen, etc. 


5 Or the heat of combustion of the element calculated on the basis of kcal/g of 
fuel and oxidizer. 
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Figure 4 immediately predicts that, of the elements with atomic 
numbers greater than 10, only Mg, Al, and Si and their hydrides would 
be worth considering. Mg, Al, and Si being metals can be adopted in 
liquid systems only as slurries. Some of their hydrides or alkylates may 
be liquids; however, no matter in what form they are introduced into 
liquid propellant systems their performance will not be higher than 
hydrogen. The reason is that these metals give values that are not 
much greater than hydrogen, and form condensed oxides. Condensed 
particles cannot be expanded through the nozzle and thus an impulse 
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penalty is paid. Another way to express this point is to state that a gas 
system containing particles has effectively a high molecular weight. 
Thus, it appears for liquid systems that the search is narrowed 
somewhat to C, B, Li, Be and H compounds. The toxicity of Be and 
its availability almost preclude it from consideration, but its unique 
position on the graph gwen in Figure 4 will always make it of interest.® 
Lithium as a metal is so reactive (it is pyrophoric) that the convenient 
introduction of lithium into liquid or solid systems is difficult. The 
hydride, of course, could possibly be used in solid propellants. The 
boron compounds form glassy solids and the accumulation of such 
solids in nozzles is a serious detriment to the use of boron compounds. 
In fact, the handling of boron compounds and the slow burning char- 
acteristics of the elemental metal make it extremely doubtful that boron 


€ Tt is of interest to note that, currently, Be is under active investigation. 
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compounds will ever be used with oxygen systems. Consequently, the 
screening procedure suggests only CHN compounds, the hydrocarbons, 
hydrogen, -and hydrazine, as the best fuels in oxygen systems. From 
product molecular weight considerations hydrogen is obviously the 
best liquid fuel; hydrazine, since it forms no CO; or CO, is the next best 
and the hydrocarbons, the least. 
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Not every C, H, O, N compound has been considered as a fuel in 
Figure 4 and the question naturally arises, for non-cryogenic applica- 
tions, is it possible to find a fuel much superior to the common hydro- 
carbons or hydrazine. Essentially, the answer to this question is no, for 
there is an upper temperature limit for CHON systems. This limit is a 
result of the onset of several reactions which result in the dissociation or 
conversion of the primary combustion products into unstable or less 
energetic species. Some of these reactions along with the energy ab- 
sorption for the process are given in Table 1. The values listed in this 


TABLE 1 
HEATS OF DISSOCIATION REACTIONS 


kcal/mole keal/gm 
He — 2H 103.8 51.9 
H:O — 1/2H + OH 67.9 3.8 
1/2N: + H.O — H: + NO 79.4 1.7 
CO: + H: — CO + EO 9.8 0.2 


Typical Heat Releases 1.-1.5 kcal/gm Propellant 


table. take on greater significance when compared to the typical release 
values found for the CHON systems of about 1 to 1.5 keal/gm of pro- 
pellants. Recall then that even the slightest dissociation of the stable 
combustion products can have a large effect on the overall energy release. 
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The amount of dissociation in various systems is examined con- 
veniently in Figure 5. In fact, this figure shows quite readily that carbo- 
naceous fuel systems with oxygen suffer great dissociation and, as the 
temperature is raised, more and more dissociation takes placé. Thus, if a 
“very energetic’ hydrocarbon fuel is found, the temperature will be 
limited by the great heat-absorbing dissociation reactions. An interesting 
exception to this CHON case is cyanogen-oxygen in stoichiometric 
proportions giving CO and Ne, which only dissociate at very high tem- 
peratures. Although it is a high temperature system, it is also one of 
high molecular weight (28) and thus low performance. Most CHON 
systems have a product molecular weight of about 22 or less. 

It becomes evident then that the optimum propellant system with 
oxygen is hydrogen, which gives a sea level impulse of 390 sec and a 
vacuum impulse of 455 sec at 1000 psia chamber pressure. It should be 
recalled that the mixture ratios which give the optimum impulse values 
quoted above do not correspond to stoichiometric. In all propellant 
systems, the mixture ratio is adjusted to be hydrogen rich in order to 
take advantage of the lower molecular weight. The loss in energy release 
is more than compensated by the decrease in molecular weight. Table 2 


TABLE 2 
PERFORMANCE OF LIQUID HYDROGEN-LIQUID OXYGEN SYSTEMS AT 300 PSIA 
Mixture Ratio (lbs O2/Ib He) 9 8 5 3.2 2.5 
Flame Temperature (°F) 5750 5800 5300 4500 340 
Mean Molecular Weight 17 16 11.5 8.6 7 
Specific Impulse (Ib secs/1b) 280 295 338 345 840 
STOICH. MAX. ISP 


gives the comparison between the optimum and stoichiometric values for 
the H;-O» system. Notice that the impulse optimizes at a weight ratio of 
3.5 and a product molecular weight of approximately 9. z 

Two factors make this system suitable only for space missions: 
the poor bulk density of hydrogen and the complete cryogenic aspects 
of the system. Further, although the discussion to this point essentially 
has been limited to liquid oxygen as the oxidizer, it should not be as- 
sumed that this compound is the best oxidizer. In fact, oxidizers can be 
listed in order of decreasing performance with a given reducing sub- 
stance containing hydrogen predominately in the following manner 


Os, Fe, F20, NF;, Oo, CIO;F, CIF;, H20», 
N2O,, C(NOs)4, HNO;, BrFE&. 


Liquid ozone whieh has a large positive heat of formation still must 
be proven because of its present sensitivity to explosive decomposition 
in high concentrations. Its relatively high density is an advantage, but 
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its performance and bulk density with hydrogen may not make it much 
superior to fluorine. Fluorine chemistry is worth examining, for there is 
a possibility that fluorine may be one of the oxidizers used for space 
travel. It is not likely that it would ever be used for a terrestrial weapon 
or a first stage, because of the corrosive hydrogen fluoride exhaust. The 
possibility of having tons per second of hydrogen fluoride pouring over a 
launching area is not an attractive thought. The hypergolicity properties 
of F, with practically all fuels is an added advantage, particularly under 
vacuum conditions which exist at high altitudes. Whereas O.-He has a 
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390 sec impulse, H;-F» has a 410 sec impulse under the same pressure 
eonditibns. This difference in performance can be quite significant in 
range since the range is proportional to the impulse squared. 

Figure 6 is a plot of the heat of combustion of the elements with 
fluorine as the oxidizer. One can carry through the same arguments as 
those made for the oxygen plot except that it is well to remember that 
many of the metal fluorides are gaseous under the combustion chamber 
conditions that prevail. Since BF; is a gas, the significance of boron 
compounds as fuels particularly changes. Comparison of Figures 4 and 
6 will show that H.-O. and H.-F, have the same heat release. Yet, as 
was stated previously, the fluorine impulse was the greater. This com- 
parison emphasizes one of the limitations of the plots, which do not take 
into account the dissociation at combustion chamber temperatures. 
Figure 5 reveals why the fluoride system is better then the oxygen 
system. The product HF is strongly bonded and dissociates only at the 
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very highest temperatures. If the H.-F, were not run Herich, there 
would be practically no dissociation in this system at all. As for the O, 
system, the optimum mixture ratio is quite fuel-rich and the product 
molecular weight is again about 9. ` 

Like the H;-O; system, the H;-Fs system is one of low bulk density. 
To increase the bulk density and to relieve the cryogenic problems as- 
sociated with hydrogen, hydrazine was proposed as a fuel. Hydrazine 
has a density and freezing point close to water. It, too, is appropriate for 
F: because it forms stable products; unfortunately, one of them is Ns 
which has a high molecular weight and which thus causes a decrease in 
the performance. Since carbon-containing fuels form the very high mo- 
lecular weight halocarbon exhaust, they are never considered for pure 
fluorine oxidizer systems. The question of oxidizers containing more than 
one oxidizing element will be discussed in detail when solid propellants 
are taken up. Ammonium perchlorate introduces both Cl and O atoms 
into the system and serves as the best example for the discussion. In 
regard to pure fluorine systems again, it is obvious that ammonia would 
be an appropriate fuel as well. 

Not only is hydrazine best with fluorine, it shows better performance 
than the hydrocarbons with oxygen, peroxide, N.O, or nitric acid. On 
Figure 4, hydrazine is placed below the gasoline reference line. It is still 
better than gasoline, of course, because hydrazine contains no carbon 
and thus no readily dissociated CO; can possibly form. Again, it should 
be recalled that Figure 4 does not take into account dissociation. If 
corrosive properties and HF exhaust rule out fluorine as an oxidizer, 
then hydrazine undoubtedly will be used with one of the other oxidizers. 

Hydrazine does not meet the important military specification of low 
freezing point. In order to circumvent this difficulty, unsymmetrical 
dimethyl hydrazine was suggested as a fuel. It meets the physical 
property requirements of a military rocket fuel, but, because it contains 
carbon, it gives a lower performance than hydrazine. Mixtures of the 
two have been used to obtain suitable physical properties and increased 
performance over pure UDMH. Both hydrazine and UDMH are hyper- 
golic with N.O, and nitric acid, a decided advantage. Hydrazine is a 
monopropellant (i.e., decomposes exothermally, in a controlled fashion) 
and thus possesses certain unique characteristics. The fact that it under- 
goes controlled exothermic decomposition means it can be stored in self- 
heating containers to alleviate the freezing point problem. Further, 
monopropellant gas generators can be operated to drive fuel pumps, 
supply auxiliary power, etc. 

The next oxidizer in the list given previously is F3O, fluorine monox- 
ide. FO, which has a density about that of E» and is cryogenic, has been 
considered because it is not as corrosive as F». But the presence of oxygen 
defeats the purpose of the fluorine oxidizer; water forms, it dissociates. 
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and this dissociation is reflected in the performance.’ 

Chlorine trifluoride was introduced and considered because of its high 
boiling point for the halogens (11.8°C); further, it has a high specific 
gravity (1.7). But it produces high molecular weight exhaust products 
(HCl) and thus lower performance. In order to alleviate the high mo- 
lecular product gas, NF, was introduced, but it is again cryogenic and of 
lower density. For volume-limited, storable systems, BrF; with a high 
specific gravity (2.45) and boiling point (40.5°C) is probably the best 


TABLE III 
OPTIMUM SPECIFIC IMPULSE VALUES 


Aver- 
age 
Bulk -——600 pisa—. —1000 pisa—~ +°F Molec- 
Rocket Rocket Dens- Sea Sea 600 ular 
Oxidizer Fuel ity Level Vacuum Level Vacuum pisa Weight 
Hydrogen Gasoline 1.28 248 273 4830 21 
Peroxide 
Hydrogen  Hydrazine 1.24 262 325 288 330 4690 19 
Peroxide 
Nitric Acid Gasoline 1.30 240 255 5150 25 
Nitric Acid Aniline 1.89 235 258 5100 21 
Nitric Acid Hydrazine 1.26 255 261 4728 19 
Nitrogen Hydrazine 1.20 268 320 325 4950 19 
Tetroxide 
Oxygen Alcohol 0.99 259 285 5560 22 
Oxygen Gasoline 0.98 264 335 290 340 5770 22 
Oxygen Hydrazine 1.06 280 308 5370 18 


Oxygen Hydrogen 0.43 364 450 400 455 4500 9 
Fluorine Ammonia 1.16 306 400 337 405 7224 19 


Fluorine Hydrazine 1.30 316 348 7940 19 
Fluorine Hydrogen 0.32 378 465 410 470 5100 9 
Current Composite Solid Propellant 250 
Best Projected Solid Propellant 290 


alternative. Due to the formation of HBr and Br, the specific impulse 
with this oxidizer is low. 

Perehloryl fluoride (ClO;F) initially looks most attractive as an 
oxidizer. First, its performance with most fuels is close to that obtained 
with liquid oxygen. Second, it can be used with carbon-containing fuels 
to allow the formation of CO and CO, rather than the high molecular 
weight halocarbons; and lastly, it is much less corrosive than the other 
interhalogens. However, the critical point of perchloryl fluoride is such 
that it has a very high coefficient of expansion and tanks require great 
ullage. Although it ean be stored under its own vapor pressure as & 
liquid, the vapor pressure required is very large. 

* Systems which contain both carbon and hydrogen show better performance with 


F4O than with F». The carbon preferentially combines with the oxygen and the 
hydrogen with the fluorine. See Footnote 9. 
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The remaining oxidizers in the list are the non-cryogenics, nonhalogen 
materials. Some of these are what are termed, in the missile industry 
today, storable propellants—propellants which havehigh thermal stability 
and respectable freezing and boiling points. In fact, in order for liquids 
to compete with solid propellants, a trend towards prepackaged liquid 
propellant systems has been started. Packaging would eliminate H:O% 
as a storable because it undergoes slow decomposition. The field then 
would be narrowed down to N.O, and nitric acid. Tetranitromethane, 
though dense, has poor thermal stability. The obvious choice is N2O, 
because of its higher performance. The advantage of prepackaged liquid 
‘systems over solid propellants would be thrust control, cut-off capabilities, 
and regenerative cooling possibilities. It would appear, then, from the 
above analysis, that the most probable choice for storable propellant 
systems would be N.O, and a hydrazine fuel. It is interesting to note the 
recent change of Titan missile power plants to storable propellants; the 
combination chosen was N.O, with a hydrazine-UDMH mixture. 

One can make further conclusions from Table 3 which lists various 
propellant combinations and their performance results. In this table, 
the peroxides may be desirable because of their auxiliary uses—power 
units, supplies of water and oxygen; the acids and NO, are the storables 
and meet the terrestrial weapon requirements. The fluorine systems 
compete with the oxygen for high performance missions; perhaps oxygen 
will be the first stage and fluorine the oxidizer for the upper stage 
rockets. As yet there are no systems using fluorine. Comparing the 
data shown in Table 3 with the requirements given in Figure 1, one 
readily sees that the fluorine and oxygen combinations readily meet the 
space travel requirements. 


Solid Propellants 

The last two entries on Table 3 are solid propellants, so that com- 
parisions can be made.* The best projected solid approaches the per- 
formance of current operable liquid systems. Current solids have a per- 
formance somewhat lower than that of the storable liquids, but they have 
other advantages that have given them a unique position in the power 
plant field. Reliability, readiness, ease of handling, weight savings, etc., 
are the basic merits of the solid propellant systems that led to the phe- 
nomenal rise in their usage. These facts emphasize that which was stated 
earlier, specific impulse cannot be the sole basis for comparision of various 
systems. 

Much of what has been said in regard to liquid propellant philosophy 
can be carried over to solids; however, certain unique points do arise. 
Before they are discussed, a brief history of solid propellants will be 
given. The first solids made in this country were made of asphalt (the 


These values are still appropriate. 
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fuel binder), oil (essentially a plasticizer), and potassium perchlorate 
(the oxidizer) ; then came the ballistites, the nitrocellulose-nitroglycerine 
homogeneous combinations, which gave higher performance. For the 
composite (heterogeneous) propellants, the solid ammonium salts 
followed to eliminate the smoke due to KCl in the exhaust of the asphalt 
propellants. Ammonium perchlorate (NH4CIO4), although more ex- 
pensive than the nitrate, contains more available oxygen, gives faster 
burning rates, and consequently has been the solid oxidizer most pre- 
dominantly used. Most other solid oxidizers NaClOu, Mg(ClO.)2, LigClO, 
are hygroscopic and are thus not suitable for propellant usage. 

Early in the development of solid propellant, the asphalt composites 
were found to have poor physical properties, such as cracking under 
normal temperature cycling, poor tensile characteristics, etc. They were 
replaced with the elastomeric polymers which have become the present- 
day binders. The first of these was Thiokol rubber, a polysulfide rubber, 
which gives the propellant with the best physical properties. The pres- 
ence of the sulfur atom in the Thiokol rubber decreases the performance 
compared to a CHO polymer; thus the most frequently used binders are 
polyurethane, polybutadiene acrylic acid (PBAA), epoxy resin, etc. The 
choice of the latter binders is made with regard to physical properties 
rather than performance. 

Most solids are limited in their performance by the amount of solid 
oxidizer that can be added. The addition of too much solids makes the 
cured propellant brittle and causes complicated manufacturing dif- 
ficulties because of the very viscous mix in the uncured state. The 
blending of the oxidizer in the viscous polymer before curing can be an 
expensive plant operation. 

In order to achieve higher performance, aluminum metal is added to 
the solid mix. Examination of Figure 4 reveals that this metal is the best 
choice. Beryllium would be better, but again the toxicity question 
arises. Li and B are difficult to add as a base metal because of their 
activity and the reasons outlined in the discussion of liquids. Un- 
doubtedly, the light metal elements offer the greatest promise for in- 
creased performance in both solids and liquids. For the solids, the best 
additive, when NH4CIO, is used as an oxidizer, would be an alloy of Be 
and Li. This conclusion is drawn from examination of Figure 4 and 
Figure 7, which is the same type of plot as Figure 4 except the oxidizer is 
chlorine. From this plot it is seen that Li is the best fuel, whereas Be is 
the best with oxygen. An alloy in proportion to the Cl and O ratio in 
NECIO, would then be the best. Solids which require high density 


9 The free energies of formation of the metal products are approximately propor- 
tional to their heats of formation. The entropy change in two competing systems will 
be about the same and small compared to the heat of formation even at combustion 
temperatures. Thus the compounds with the highest heat of formation will form. 
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impulse (the product of density and the specific impulse) usually add ilió 
heavy metals such as Ti or Zr. 

Of course, the addition of metal to the propellant imposes a problem 
with respect to total solids added. In most cases, the amount of oxidizer 
is reduced. For aluminum addition, one nevertheless obtains an increase 
in performance because aluminum reduces the water and any CO, 
to aluminum oxide and lower molecular weight products. One then ob- 
tains a large energy release and the presence of the solid oxide is com- 
pensated by the larger amounts of Hs present. In order to alleviate the 
total solids problem, there are great efforts to introduce the energy- 
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bearing fuel atom in the polymer or by substituting appropriate oxidizer 
groups such as nitrates in the pure polymer. Both approaches tend to 
decrease the amount of solids required. 

If the best projected solid becomes a reality and reliability of present 
day solids are retained, they certainly hold a good chance to replace most 
liquids for terrestrial weapons, some space vehicle boosters, and satellite 
applications. One must realize that there will never be a universal pro- 
pellant combination though. Solids and liquids of various kinds will all 
have their use in à particular mission. 

For example, monopropellants such as ethylene oxide, hydrogen 
peroxide, etc., will be used for auxilliary power sources to drive pumps, 
generators, etc. Monopropellants are particularly suited for this type of 
applieation because their decomposition temperatures are low and the 


524 AMERICAN SCIENTIST 


exhaust from a gas generator can be passed over turbine blades without 
difficulty. High energy liquid monopropellants may even compete with 
the solids for certain missions. First, they can be used as coolants for 
regenerative cooling and thus can have very long total burning times. 
Second, the propellants can be shipped independent of the motor case; 
they have good physical properties, are very dense, can be throttled, 
programmed, and cut-off on command during an actual firing. When 
these partieular requirements are of prime importance, monopropellants 
will find & use. 

To conclude, then, it is safe to say that, even under the current state 
of the art, chemical propellants have the performance, reliability and 
auxiliary advantages that are required to meet the first space age re- 
quirements. Even in their infancy the ultra-high-energy power plants 
necessarily have been designed with a high degree of sophistication never 
applied to chemical rockets. When Equation 11 is examined, it is evident 
that performance is a function not only of specific impulse, but also of the 
number of stages, n, and the mass ratio, a. Only chemical systems have 
the flexibility for real substantial improvements in n and a. When such 
sophisticated approaches as hybrids, consummable cases and tanks, etc. 
are embodied in chemical rocket technology, vastly new potential 
systems may be realized. 

v Since the development of a catalyst for the decomposition of liquid hydrazine, 
hydrazine has become the most widely used monopropellant for auxiliary power, 


control rockets, etc. It appears to be replacing hydrogen peroxide which is the first 
monopropellant to have an initiation catalyst. 
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THE TWOFOLD PRINCIPLE OF 
FREEDOM AND RESPONSIBILITY* 


BY DON K. PRICE 


The scientific estate, of course, is merely a subdivision, although per- 
haps the most influential one, of the broader scholarly estate. Histori- 
cally, the philosophers and the theologians, being concerned with another 
variety of pure knowledge, have played an analogous role in society. And 
the lawyers and the clergy, in taking over their basic ideas and applying 
them, with modifications, to human purposes, play important roles in the 
professional estate along with the engineers and the physicians. The 
difference between the older and the newer wings of each estate is that 
the Western world has had several centuries more experience in working 
out a satisfactory constitutional position for the lawyers and the clergy, 
while the scientists and engineers and physicians have risen so rapidly in 
influence as a result of the advancement of science that the politicians 
have not had time to develop a new set of relationships with them. 


The Twofold Principle of Freedom and Responsibility 


But the United States is clearly working out some crude principles as a 
basis for these relationships, or adapting some old ones, and these princi- 
ples may help to establish a new set of checks and balances within the 
constitutional system. That system will be the subject of the next chap- 
ter, but it will be useful here to anticipate a general point. The most im- 
portant principle seems to be a twofold one: (1) the closer the estate is to 
the end of the spectrum that is concerned solely with truth, the more it is 
entitled to freedom and self-government; and (2) the closer it gets to the 
exercise of power, the less it is permitted to organize itself as a corporate 
entity, and the more it is required to submit to the test of political re- 
sponsibility, in the sense of submitting to the ultimate decision of the 
electorate. 


* Reprinted by permission of the Belknap Press of Harvard University Press from 
The Scientific Estate by Don K. Price, Bae in September, 1965, pp. 136-144, ina 
chapter entitled, “The Spectrum from Truth to Power." 
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' It is true that in the United States the college or university is not or- 
ganized in legal form as a self-governing community of scholars; it is 
either under the legal direction of a private board of lay trustees, or of a 
board of state officials. But in actuality, the American university, with 
respect to its academic affairs, is a community to which society concedes 
the right of self-government; the full members of the academic fellowship 
—the tenure professors—consider that they are entitled to control the 
admission of new members, and to protect them in their freedom. Simi- 
larly, the government concedes completely the right of scientists and 
scholars to organize any self-governing societies for scientific purposes 
that they please. 

When it comes to the professions, whose work mixes a commitment of 
service to the public with its scientific interests, the government is usually 
content to leave the control of standards to the professional society as a 
matter of practice, but in theory (and sometimes in practice) it Insists on 
maintaining the right to exercise control. 

The administrators, who can rely less on systematic and testable 
knowledge and are closer to ultimate power, are not permitted to exercise, 
through their quasi-professional societies, any influence on the terms of 
their admission to their vocations. They are appointed, on terms regu- 
lated by law, by procedures controlled by politicians. 

And as for the politicians who exercise ultimate power, but can never 
be certain that their major decisions are justified by scientific knowledge 
or provable truth, they are permitted to hold office only by periodic re- 
election by the people. 

This twofold principle about the spectrum between power and truth is 
not generally accepted in all other parts of the world, even though the 
practice is reasonably similar in other English-speaking countries and in 
some countries of Western Europe. The existence of the four estates seems 
to be common to all countries with advanced science and technology: the 
respective functions of the estates seem to derive from the way in which 
any large-scale institution has to be organized in order to translate ab- 
stract scientific knowledge into purposeful action. But the mutual inde- 
pendence of the several estates seems to be a quite different matter, that 
is, one that is not determined by the nature of science and technology (or 
if you like, by the mode of production) but by the way men think about 
political power in relation to truth. 

For the twofold principle that seems to be accepted in the United 
States is by no means axiomatic. The idea that an institution concerned 
only with truth should be permitted to govern itself, and the idea that 
those who hold political power should be accountable to the people, are 
plausible only on the basis of certain historic political assumptions. If you 
think of a nation primarily as an organization that must have a coherent 
purpose, and think of its inner institutional relationships as a problem in 
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communications and control, you will come out with a quite different ap- 
proach. The logie of that approach is quite simple: If we have a reliable 
method for discovering the truth, namely, science, should we not use it to 
solve all our most important problems? If we propose to do so, should not 
those who make our most important decisions be selected for their under- 
standing of the most relevant science? How can such a process of selection 
be carried on except by the judgment of their peers (as any university 
department chooses its professors) rather than by a popularity contest 
among ignorant and apathetic voters? And if they are controlling society 
on scientific principles, should they not direct scientific institutions to 
carry forward their research along lines that will be of the greatest service 
to society? 

The logic of these questions forces us to admit that, although the way 
in which scientific knowledge is related to political purpose seems to re- 
quire the existence of something like our four estates, it by no means re- 
quires the relationship among them that is conventional in the Western 
constitutional tradition. “The real brains at the bottom,” as our science 
fiction hero put it, is an accurate observation if not a justified complaint. 
Is it really right that supreme authority should be vested in the Congress 
and the top political offices in the executive branch, which are filled with 
men who by any conventional test of abstract and theoretical intelligence 
are not the match of the scientists and professionals who work several 
layers down in the hierarchy? Even if the government must make de- 
cisions that cannot be determined completely by the rigorous processes of 
the natural sciences, many new techniques exist for dealing in a scientific 
way with situations of uncertainty and incomplete knowledge. Since 
science is producing the dynamic changes in our society, why should not 
our government be headed by men who will bring to its administrative 
and political functions the greatest possible ability to use science to the 
maximum? 

The answer to these questions turns not on what you think about the 
nature of knowledge, but on what you believe about the nature of man 
and polities. 

The Western, and particularly the American, point of view is deter- 
mined by two traditional fears. The first is the fear that the scientist or 
the professional will never be guided completely by his desire for scientific 
truth and his professional ethics; the second is the fear that he will. In 
logic, these fears are contradictory; politically, they lead to the same end. 

As for the first fear, neither the politician not the administrator is pre- 
pared to accept any institutional arrangements that depend on the de- 
tachment, the unselfishness, and the purely scientific motives of the 
scientist. His distrust is warranted by what the scientists themselves have 
told him. For if limits to objective knowledge are set by the nature of 
things and the imperfections of the instruments that science can use for 
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observing them, the limits are even more severe when men are serving as 
those instruments, and making deductions from the observations. For it 
is not merely that there are finite limits to what man can observe and 
understand, but that he has a capacity that is nearly infinite for reading 
the evidence in the light of his own interests and passions. 

To say this is not at all to deny that the sciences, within their own 
fields, provide a remarkably effective training in the virtues of objectivity 
and honesty. Even more important, they have the world's most effective 
policing system. Since the main prize in the game is the esteem of one's 
scientific colleagues for the results of one's research, and that esteem is 
based on the publication of the results of experiments which can be 
tested, the scientist has a most powerful incentive for objectivity and 
honesty. But the system works only when it deals with scientifie data and 
logieal patterns—abstractions from reality which can be dealt with uni- 
formly in laboratories and studies all over the world. And to keep the 
system pure, scientists tend to frown on any colleague who mixes with 
such data irrelevant considerations like purposes or values that cannot be 
tested according to uniform standards by everyone else. 

When scientists and engineers undertake to apply science to practical 
problems, however, they find it impossible to stick to quantitative data 
and rules of logic. The problems include too many other aspects, and in 
dealing with them they naturally behave like human beings. And so 
weary cynics like lawyers and political scientists take a certain malicious 
pleasure in showing that the natural scientists are led by confidence in 
their special scientific techniques to try to make judgments on political 
values or policy decisions, without realizing all the other components of a 
nonscientific nature that go into those decisions. The lesson is a valid and 
important one, and needs to be driven home to the general public much 
more than to the scientists, most of whom know it already even if they do 
not like for nonscientists to remind them of it. 

If you feel obliged to document the lesson, the illustrations are plenti- 
fully available. Read the hearings published by the Atomic Energy Com- 
mission in the case of J. Robert Oppenheimer, and see how two groups of 
eminent scientists and engineers, differing very little indeed at any given 
time on specific scientific matters, mistrusted each others’ political inten- 
tions to such a point that we had the closest thing to a heresy trial that 
modern American politics has provided. Or read the history of the dis- 
putes over nuclear fall-out, or the civil defense shelter program, or the use 
of insecticides, in each of which both sides used much the same statistics 
and drew widely different conclusions. Or the story of the Geneva dis- 
armament negotiations with the Soviets, in which the scientists them- 
selves must have found it difficult to tell when they were trying to sort 
out the technical evidence and when they were making judgments about : 
foreign-policy priorities or estimating the intentions and good faith of the 
Russians. f 
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You can explain these difficulties in professional and scientific terms, if 
you like, by saying that the physicists and chemists all óught to realize 
that issues of this kind need to be worked on by social as well as natural 
scientists. This is obviously true, although the social scientists are at 
least as guilty as physicists of mistaking the abstractions of their respec- 
tive disciplines for the sum total of all wisdom. Or you can add an extra 
bit of rational explanation by noting that the physical scientist is used to 
working with data that may be difficult but not malevolent—that is, the 
data have no will of their own to exercise against the experimenter— 
whereas in politics the data not only have wills of their own, but some- 
times oppose the experimenter not because they dislike what he is doing 
but because they dislike him. Thus Einstein remarked, as an encourage- 
ment to those scientists who seek to find order in the complex universe, 
that “God is subtle, but He is not malicious." But in an international 
negotiation on, for example, arms control, no matter how high a scientific 
content the subject matter may have, the contribution that science can 
make is a limited one because the Russians may be malicious. In the eyes 
of the Democrats, so are the Republicans, and vice versa. Maybe in the 
eyes of the Russians, so are the Americans. 

And this type of conflict creates in politics, domestic or international, 
a problem quite different from those problems on which the scientific 
observer can take a detached and superior point of view, and ignore the 
elements of conflict. It sets up a system of relationships on any major 
political issue in which it is hard to judge the capabilities and intentions 
of your adversary, and to determine the exact degree to which he means 
exactly what he says, or is discounting your own reaction in advance, or is 
deliberately using conflict with you for other irrelevant purposes or out of 
irrational ill will—and equally hard to judge your own motives. 

If we understand that the scientist and the engineer cannot be guided 
in their political actions entirely by what science teaches them, and that 
even when they think they are doing so they may be deceiving therhselves 
and others, we are led to a realization that the fruit of the tree of knowl- 
edge is not always peace. Maybe this is the reason that, among profes- 
sional political scientists, we read a great deal more today than we did a 
generation ago about the dogma—or to moderns, the myth—of original 
sin. Perhaps the fear that scientists and professionals will not be guided 
entirely by their scientific knowledge and professional ethics in public 
affairs, and hence cannot be trusted with political power, is a political 
attitude derived directly from an old Puritanical prejudice. The Re- 
formers began by observing the immorality of the higher clergy and there- 
fore distrusting hierarchy in an ecclesiastical establishment, and ended 
by dividing and weakening the role of the church in political affairs. An 
analogous attack has begun in recent years on the ethics of scientists who 
use government funds, and on their conflicts of interest. 
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` But the old dogma had a more subtle side to it: it recognized that it 
was not only the base or material side of man's nature that caused him 
the greatest trouble, but his spiritual pride. Men are more likely to fight 
with each ‘other for noble than for base motives. The most powerful 
personal motive is not the gratification of the senses, or the acquisition of 
mere wealth or power, but the conviction that one's own skills and knowl- 
edge have a special contribution to make to the salvation of humanity, or 
that they have provided an insight which the rest of the world must be 
induced to accept. The most tyrannical political systems are those built 
not on corruption, but on self-righteous fanaticism. 

That is why, in regulating the constitutional relationships among the 
estates of our society, we should be less concerned that the scientists and 
professionals will yield to material interests or sensual temptations, than 
that they will be utterly and unselfishly devoted to their respective disci- 
plines or professions. The two types of temptation of course can be re- 
lated; the more importance society attaches to chemistry, the more income 
it will let individual chemists earn; the more it is persuaded that doctors 
can cure its ills, the more likely it is to concede to the American Medical 
Association the right to prescribe the terms of public insurance for medi- 
cal care. At any rate, so the chemists and doctors are tempted to believe. 
But if we tend to think of the problem as one in which the main incentive 
is material gain, we not only fail to do justice to the motives of the con- 
tending parties, but we fail to understand the more difficult part of the 
problem. 

Because of the rapid advance of the sciences, and because of the contri- 
bution that they are making continuously to engineering and medicine, 
there can clearly be no set limit on the contribution they may be asked or 
permitted to make to our social problems. They do not merely produce 
things that the public asks for; what they discover determines the range 
of new possibilities that are open to us. Invention is the mother of neces- 
sity, a8 a British observer recently remarked. Since scientists and mathe- 
maticians and engineers are extending their ability to solve problems in 
which there is a high degree of uncertainty, the administrators and poli- 
ticians would be stupid not to encourage them to go as far as they can. 
But the administrators and politicians would be even more stupid if they 
failed to note the aspects of those problems on which the scientists and 
professionals are making judgments not required by the nature of their 
subject matter—judgments that have the effect, and perhaps the pur- 
pose, of extending the power of their particular estates. 


Kodalk reports on: 


Charles Bridgman's availability . . . the mating game, audiovisual style. 
... orthographical support for the Harvard team 


To x-ray rocks and mud 


A movement appears under way to get x-ray 
machines into geological and oceanographic 
laboratories. We intend to encourage it. 

Radiography will earn its way there by opening 
up the third dimension of specimens to the prop- 
erly prepared mind's eye. An effective missionary 
of the movement has been W. K. Hamblin, now 
of Brigham Young University, Provo, Utah. 

Dr. Hamblin first drew attention (J. Sediment. 
Petrol. 32, 201) to how radiographs can unmask 
sedimentary structure inside rock specimens that 
present a blankly homogeneous surface aspect. 
Very quickly thereafter the hint was being taken 
with informative results for cores of unconsoli- 
dated marine sediments (Sedimentology 1, 287). 
Next he pointed out (American Mineralogist 49, 
17) how a stereoscopic pair of radiographs re- 
inforce conventional microscope technique with 
an entirely new perspective on ore textures. 
(X-ray eyes in 3-D make it very easy to know 
whether fragments are skeletally connected and 
therefore younger than the matrix, or isolated 
and therefore older. Then Dr. Hamblin made 
the acquaintance of Charles Bridgman. 


C. F. Bridgman earns his pay here by enjoying himself. All 
he has to do is give sound technical advice to those who want 
to use radiography for other than the routines common in 
medicine, dentistry, and industry. His working days are filled 
with wonder, and when he voices complaint it is only to be 
sociable with those less fortunate. He has been quite helpful 
to Hamblin. His address is Radiography Markets Division, 
Eastman Kodak Company, Rochester, N. Y. 14650. Here are 
two samples of his own work: 






The famous chambered nau- 
tilus Nautilus pompilivs from 
Philippine waters. 


Its 80-million-year-old Creta- 
ceous prototype Placenticeras 
whitfieldi from South Dakota. 


The chief starts it off crisply 


Orders are now being accepted by camera shops 
and audiovisual dealers for a little device of ours 
priced at less than $30 that mates any decent 
stereo tape machine to a KODAK CAROUSEL Pro- 
jector. It permits a field man to fill more of the 
happily heavy demand for presentations of his 
observations without neglect of his obligations 
at home base. 

The chief’s voice is heard from the tape. When 
he makes the recarding, every time he pushes the 
“forward” button of the CAROUSEL Projector a 
signal is recorded on the unused one of the two 
stereo audio channels. In playback the beep is 
never heard but serves merely to change the slide. 

Carefully prepared among all the comforts of 
home, with opportunity for revision, polishing, 
and editing, his presentation is succinct and 

finishes in plenty of time to allow a good, stimu- 





lating question period., This question period is 
handled by the junior colleague who brought the 
tape, the recorder, and the CAROUSEL Slide Tray 
of 80 slides. (The hosts will probably provide the 
CanoUsEL Projector. It is becoming sort of 
standard lecture equipment.) The junior colleague 
needs the practice of standing up before an 
audience to defend and promote the line of 
research. Being junior, he is doubtless more inti- 
mately familiar with the details than the chief. 
With his mentor present only in canned form, he 
will feel less inhibited. 


KODAK CAROUSEL Sound Synchronizer we designate the 
little gadget. It works with the CAROUSEL 700, 800, or AV-900 
Projector. 


A hydrocarbon of unnatural shape 
The finest one of the freshest crop of organic 


textbooks calls ““tryptycene.” This spelling 
ignores the suggestion from the Department of 
Classics at Harvard to the team of Harvard 
chemists who first prepared the rigid, 3-fold- 
symmetrical, propeller-like hydrocarbon in 1942. 
Classical scholars like triptychs better than pro- 
pellers. We support the Harvard team ortho- 
graphically and announce Triptycene (EASTMAN 
9739) at the low, low price of $15.50 for 10 grams, 
which is about 14 what we have seen the com- 
pound advertised at a year ago. 

The timing of this announcement is interesting. 
The generation that learned about triptycene in 
graduate school has now been out long enough 
to have made a small start toward paying off 
their mortgages, and their employers are daring 
to hope they will soon start thinking about prac- 
tical matters. Here and there chemical thinking 
in three dimensions is being applied to such 
matters, whereupon the eminently non-planar 
triptycene comes to mind. 

In medicinal chemistry, for example, studies 
have been published on the effect of non-planarity 
in the aromatic blocking group that constitutes 
one end of many different pharmacological 
agents. In the absence of evidence that triptycene 
occurs anywhere in nature, would there be sinister 
implications if this work should eventually lead 
to something taken internally to extend human 
life or comfort? Another school of chemists— 
those who work on colorants —take an obvious 
interest in how odd steric configuration might 
govern the behavior of their traditionally flat 
molecules toward light and substrates. Whatever 
excitement they may feel at being propelled in 
profitable directions by this hydrocarbon pro- 
peller, they remain outwardly calm. 


Within the short time for this to reach print, we may also be 
offering derivatives of triptycene with a handle on the bridge- 
head for fastening to other moieties. Ask the source of all 
EASTMAN Organic Chemicals for the laboratory, Distillation 
Products Industries, Rochester, N. Y. 14603 (Division of 
Eastman Kodak Company). The catalog of these wares has a 
new supplement, No. 43-4. We hope all who need it have it. 


Prices subject to change without notice. 


This is another advertisement where Eastman Kodak Company probes at random for mutual 
interests and occasionally a little revenue from those whose work has something to do with science 
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Sunspots by R. J. Bray & R. E. Louex- 
HEAD; 303 pages; $13.75; John Wiley 
& Sons, 1965. 


This book provides scientists with an 
up-to-date account of our knowledge of 
sunspots. Those portions of the subject 
which the authors chose to cover 
thoroughly are excellent. These topics 
are handled with great care, and the 
references are in general quite complete. 
Many readers may be unhappy because 
the subject of sunspot statistics is 
treated rather sketchily. Others might 
prefer a more complete theoretical treat- 
ment of the origin and stability of 
individual sunspots. In general, the 
authors have treated in greatest detail 
those areas of the subject in which they 
have made contributions in the last few 
years, particularly white-light photogra- 
phy of sunspots, although many other 
areas have received the same careful 
treatment. They cover in detail some 
points which are not directly connected 
with the subject of sunspots. There is a 
good treatment of high-resolution ob- 
serving methods and of white-light 
studies of photospheric granulation. 

The illustrations are carefully chosen, 
numerous, and excellent. Altogether it is 
the nicest published collection of sun- 
spot photographs this reviewer has come 
across. 

In summary, this book is to be highly 
recommended for the professional or the 
serious amateur as a textbook or a refer- 
ence work.—Robert Howard 


Aging d Stabilization of Polymers, 
edited by M. B. Neman. Translated 
from the Russian. 365 pages; $25; 
Consultants Bureau, 1965. 


The values of this book are twofold. 
Firstly, it reviews the Russian approach 
to research in this rather specialized 
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field, collecting in one place many of 
their experimental and theoretical re- 
sults obtained in the last two decades. 
Secondly, it forms in itself a useful refer- 
ence book for those interested in the 
stabilization of polymers. 

The first chapter discusses the mecha- 
nism of thermooxidative destruction and 
stabilization of polymers. This is the 
weakest point of the book, the size and 
nature of which probably dictated the 
sparse coverage. Certainly better re- 
views of the subject can be found else- 
where. An exception to this criticism is 
the interesting discussion on the concept 
of the critical concentration of antioxi- 
dants, the theory of which has been 
developed by the Russian school. 

A short chapter on the formation and 
EPR spectra of stable inhibitor radicals 
is followed by a chapter on the synthesis 
of stabilizers for polymer materials. 
Although little experimental detail is 
given, the chapter will nevertheless be 
of great value to those concerned with 
the field. It gives over 300 references, 
mostly non-Russian patents. 

The book then turns to the aging of 
specific polymers. It covers fully poly- 
olefins, polyformaldehyde, polyvinyl 
chloride and copolymers, polyamides, 
certain condensation polymers, inor- 
ganic polymers, and finally raw and 
cured rubbers. The mechanisms for the 
thermal, thermooxidative, and light 
destruction of the above are discussed 
and, with the exception of the condensa- 
tion and inorganic polymers, their 
stabilization. 

The layout of the book is good on the 
whole. However, its usefulness as a 
reference book is marred by the ab- 
sence of a subject index. 

In the preface, Neiman states that the 
studies discussed in this book were de- 
signed to create a scientific basis for 
the purposeful selection of effective 


LUNAR HOSTILITY + MANNED SPACE FLIGHT + ROCKETRY = + 
UNMANNED FLIGHT + MICROMETEOROIDS + MAN-MACHINE 
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CAPABILITY + GEOPHYSICAL TECHNIQUES + AUTOMATIC 
TROUBLE DIAGNOSIS + DATA PROCESSING 


WANTED: SPECIALISTS IN SPACE 


Above are some of the divisional functions of Bellcomm, the 
systems engineering contractor of the National Aeronautics and 
Space Administration. Bellcomm is utilizing a wide range of 
disciplines in its extensive feasibility studies and operations 
analysis of manned space flight systems. 


Bellcomm's work on Project Apollo offers rewarding employ- 
ment opportunities for persons especially qualified in such fields as 
physics, mathematics, computing and programming, engineering, 
flight mechanics, chemistry, propulsion, guidance and trajectory 
analysis, 


If you believe you are such a person, Bellcomm will welcome 
your inquiry. Send your résumé to Mr. N. W. Smusyn, Personnel 
Director, Bellcomm, Inc., Room 1309-B, 1100 17th St, N. W., Wash- 
ington, D. C. 20036. Bellcomm is an equal opportunity employer. 
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. stabilizers. This monograph undoubt- 
edly makes a most useful contribution 
toward reaching this distant goal.— 
T.C. P. Lee . 


Essays on Crop Plant Evolution, edited 
by Srm Josera Hurcminson; 204 
pages; $9.50; Cambridge University 
Press, 1965. 


The time for a comprehensive book 
on the origin and evolution of crop 
plants, similar to the 19th century 
classic of deCandolle and N. I. Vavilov’s 
brilliant monograph published in 1926, 
is long overdue. The amount of informa- 
tion newly acquired from the fields of 
archeology, anthropology, and cyto- 
genetics is overwhelming. Many pre- 
viously mysterious situations have now 
been cleared up, and methods have been 
developed by means of which much of 
our understanding of crop plant evolu- 
tion can be lifted from the status of 
plausible speculations to theories based 
upon sound experimental evidence and 
clear-cut archeological data. 

In the absence of such a volume, the 
series of eight essays collected by Sir 
Joseph Hutchinson, and first delivered 
as lectures at Cambridge University, 
provides a very fine stop gap for those 
who wish summary accounts and 
evaluations of the newer knowledge. 
Five different crops: maize, sorghum, 
the temperate cereals, potato, and 
forage plants are each treated by & 
specialist on the crop concerned. In 
addition, the archeological and paleo- 
botanical evidence bearing upon the 
beginnings of agriculture in northwest- 
ern Europe is reviewed by H. Godwin, 
while Dr. Hutchinson completes the 
volume with a general discussion of the 
evolutionary principles involved in the 
development of erop plants. 

As might be expected, the individual 
essays are somewhat uneven in their 
degree of comprehensiveness, and in the 
amount of technical knowledge which 
the reader needs to understand them. 
P. C. Mangelsdorf's treatment of maize 
is a model for essays of this kind. 

'The discussion of Sorghum by H. C. 
Doggett is largely taxonomic, phytogeo- 
graphie, and ethnologieal; most of the 
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interesting information now available 
on Sorghum cytogenetics is omitted. 
The temperate cereals are given a com- 
prehensive treatment by G. D. H. Bell, 
after which Ralph Riley presents an 
excellent review of the cytogenetic 
evidence bearing on the origin and 
evolution of wheat. The essay by K. 8. 
Dodds on the potato rightly emphasizes 
the very great taxonomic problems in- 
volved in unravelling the probably com- 
plex ancestry of the cultivated clones. 
It provides good evidence in support of 
the theory that the European potatoes 
came from the high Andes, rather than 
from southern Chile, as some authors 
have supposed. J. P. Cooper, in discuss- 
ing the evolution of forage plants, has 
combined an interesting review of their 
geographic and climatic distribution 
with a discussion of adaptational factors 
involved in the success of the more use- 
ful species. 

For students of both plant evolution 
and the basic sciences connected with 
agriculture and the improvement of 
crop plants, this little volume is the 
best that can be obtained on crop plant 
evolution.—G. Ledyard Stebbins 


Stratigraphy & Life History by M. Kay 
& E. H. Couserr; 736 pages; $9.75; 
John Wiley & Sons, 1965. 


This new book by Kay and Colbert 
fills a need for an up-to-date and ad- 
vanced textbook of historical geology. 

'The nature and increasing quantity of 
new facts concerning the geologic his- 
tory of our earth is forcing changes in 
both teaching and textbooks. This new 
information is not truly meaningful 
unless it is accompanied by discussion of 
the means for obtaining it. Even an 
attempt to present just the pertinent 
facts and principles in one semester is 
becoming increasingly hectic. As a par- 
tial solution, many teachers, after a sort 
of parallel evolution, have arrived at a 
method in which a unit of factual 
material is used as a convenient peg 
from which to hang a discussion of 
appropriate concepts and techniques. 
Kay and Colbert, aware of these prob- 
lems, have used such a method with 
conspicuous success. 
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The Journal of Theoretical Biology is 
intended to be a central publishing 
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ries, theories of specific processes or 
phenomena, theoretical discussion of 
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cussion of methods. 
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Enumerability, Decidability, 
Computability: 

AN INTRODUCTION TO THE THEORY OF 
RECURSIVE FUNCTIONS 

by Hans Hermes 


Translated from the German by G. T. Herman and 
O. Plassmann 


CONTENTS: Introductory Reflections on 
Algorithms. Turing Machines. ,-Recursive 
Functions. The Equivalence of Turing- 
Computability and ,4-recursiveness. Recur- 
sive Functions. Undecidable Predicates. 
Miscellaneous: Author Index—Subject In- 
ex. 


A Springer-Verlag title published in the United States 
and Canada by Academic Press. 


(H530) 1965, 246 pp., $9.75 


Plasma Diagnostic Techniques 


edited by Richard H. Huddlestone and 
Stanley L. Leonard 

A comprehensive single source of informa- 
tion about methods of measuring param- 
eters of gaseous plasmas. Gathers in- 
to a single volume information about all 
plasma measurement techniques which 
ave more than very specialized applic- 
ability. The main emphasis is on techniques 
of use in the study of laboratory plasmas. 


(H924) October 1965, 627 pp., $19.50 


Nonlinear Electron Wave . 
Interaction Phenomena 
by Joseph E. Rowe 


VOLUME 1 OF ELECTRICAL SCIENCE: A 
SERIES OF MONOGRAPHS AND,TEXTS 


The author develops a generalized non- 
linear theory of interactions between elec- 
tron beams and electromagnetic waves, 
and applies it to traveling wave and crossed- 
field amplifiers and oscillators, backward- 
wave oscillators, klystrons, and beam- 
plasma interactions. 


(B696) November 1965, 592 pp., $18.00 


Advance Announcement of an important new 
serial publication coming in 1966- 


Current Topics in 


Developmental Biology 


edited by A. A. Moscona and 
Alberto Monroy 








. 


Some prineiples and theories, not 
amenable to treatment in association 
with a single geologic period, are 
handled in separate chapters such as 
“The Permanence or Drift of Con- 
tinents.” The, special chapter on “The 
Origin of the Earth" by D. B. MeLaugh- 
lin is especially helpful. However, most 
chapters deal with both a principle and 
a time or rock unit. For example, the 
chapter on "Some Methods of Correla- 
tion by Physical Characters" could 
equally well have been “The Huronian 
Rocks of the Southern Canadian 
Shield.” The Silurian Period is dealt 
with as ‘Silurian Reefs and Salt 
Basins,” and the Devonian is presented 
as “The Devonian Period and the 
Evolving Vertebrates.” 

Many teachers may decide that it is 
too potent for the average class in 
elementary historical geology; but so- 
phisticated beginners, all geology majors, 
and even professional geologists wishing 
to update their general geologic knowl- 
edge will find this extremely useful book 
fills their need for an advanced text.— 
Walter H. Wheeler 


Light (Second Edition) by R. W. 
Drrcusurn; Vol. I, 520 pages; Vol. IT; 
330 pages; $4.95 each, paper, also as 
one volume (cloth); John Wiley & 
Sons, Interscience, 1964. 


The title "Light" may seem un- 
reasonably broad for a book of this 
size, but it is justified. Professor Ditch- 
burn has covered thoroughly the whole 
subject of the nature and propagation of 
light, with excursions into neighboring 
areas of mathematics and physics. This 
is both an encyclopedia and a textbook, 
with emphasis on understanding ideas 
and principles. There are ideas here as 
old as Huygens’ principle or the opin- 
ions of the Greeks, and as new as in- 
formation theory or the optical maser; 
all are presented with extreme clarity 
and honesty. 

Volume I covers optics as the study of 
light wave disturbances, including dif- 
fraction and polarization effects. Volume 
II deals with the electromagnetic and 
quantum theories of light, with further 
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discussion of properties which can only 
be calculated from them. The underlying 
idea is that of successive approximations 
to reality. The ray picture of light is 
sufficient for geometrical optics; we 
find that the wave theory not only 
reproduces the rays and allows a de- 
scription of interference phenomena, but 
also improves our understanding of 
geometrical optics itself (for example, 
Abbé’s proof that one can see spurious 
detail through a microscope). In a 
similar way, the quantum theory both 
allows a description of photons and in- 
creases our ability to deal with the rest 
of optics. 

The main limitation of this book is 
the fact that it uses only intermediate- 
level mathematics. The second volume 
is not quite up to the standard of the 
first, and the last three chapters (on 
quantum theory and the limitations of 
optical instruments) are only introduc- 
tory. Several of the figures are incorrect 
enough to be misleading, and the list of 
plates appears in the second volume but 
not in the first. Such annoyances are 
trivial; this reviewer’s advice is to buy 
Volume I before reading it (one does not 
want to give it back) and to read 
Volume II before buying it.—E. Alan 
Phillips 


Essays on Physiological Evolution, edited 
by T. M. Tun?AYEv; 364 pages; $12; 
The Macmillan Co.; Pergamon, 1965; 
J. W.S. PnuiNGLE, Honorary Editor. 


This volume contains a series of 
essays originally gathered as a fest- 
Schrift for Kh. S. Koshtoyants. At his 
untimely death it was converted to & 
memorial and published by the USSR 
Academy of Sciences in 1961. Although 
each author has had the opportunity to 
update his contribution, the long delay 
in producing the English edition limits 
somewhat the usefulness of the book. 

There are 31 essays, several by dis- 
tinguished Western biologists. The 
topics range widely through the areas 
of physiological evolution. Some of the 
essays are syntheses, and some re- 
search reports; there is an unevenness of 
quality and coverage which is typical of 
such collections. The book suffers from 
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A. Frey-Wyssling and K. Mukhlethaler. Prob- 
lems covering the ultrastructural approach of 
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1965 $24.00 


BIOLOGY OF NEUROGLIA 

E. D. P. DeRobertis and R. Carrea. New 
data on the glia cells and insights in the patho- 
logical condition called brain-edema. Vol. 15, 
Progress in Brain Research. Dec. $17.50 


BIOLOGY OF SKIN AND HAIR 

GROWTH 

A. G. Lyne and B. F. Short. Proceedings of a 

Symposium. Presents up-to-date findings in 

skin and hair biology of humans and animals. 
1965 $14.50 


LEXICON OF PLANT PESTS AND 
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M. Merino-Rodriguez. Covers allliving forms 
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to economic crops, trees, and plants. 2,396 
entries in Latin, English, French, Italian, 


Spanish, and German. Feb. $16.50 
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D. Bente and P. B. Bradley. Proceedings of 
4th Meeting of the Collegium Internationale 
Neuropsychopharmacologicum, Birmingham, 
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T. Rikitake. Summarizes currently-known in- 
formation on geomagnetism relating to the 
earth's interior. Vol. 2, Developments in Solid 
Earth Geophysics. Jan. $22.50 


PLANKTON OF THE SEA 
R. S. Wimpenny. Describes distribution and 
behavior of floating sea animals and plants 
called plankton, upon which all the rest of 
marine life ultimately depends for food. 

Feb. $15.00? 


CHEMISTRY 
REACTIVITY OF SOLIDS 
Georg-Maria Schwab. Proceedings of the Fifth 
International Symposium, Munich-1964. Pre- 
sents significant new developments. 
Dec. $28.50 


POLYESTERS, Voll 

I. Goodman and J. A. Rhys. First of a two 

volume work covering the field of polyesters. 
1965 $7.75 


SUBMICRO METHODS OF ORGANIC 
ANALYSIS 

R. Belcher. Describes methods for the deter- 
mination of all common organic elements 
using 30-50 micrograms. Feb. $12.50? 


SPOT TESTS IN ORGANIC 

ANALYSIS Seventh Edition 

F. Feigl. À further enlargement of Professor 
Feigl's classic standard work on organic appli- 
cations of spot tests. T'his is a companion 
volume to the existing work—Spot Tests in In- 
organic Analysis, 5th Ed. Feb. $25.00 


DIAMAGNETISM AND THE 
CHEMICAL BOND 
Ya. G. Dorfman. This translation from the 
Russian presents a new magnetostatic method 
for study of chemical bond structure. 

1965 $10.00 


PHYSICS-MATHEMATICS 
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IN THE NUCLEAR INDUSTRY 
Z. Zudans, et al. Basic facts and theories 
necessary in the nuclear industry together 
with new and practical solutions..{965 $20.00 


APPROXIMATION OF FUNCTIONS 
Henry L. Garabedian, editor. Thirteen 
papers by specialists in the field of approxi- 
mation of functions. Proceedings of a General 
Motors Symposium, Michigan-1964. 

Dec. $13.00 


THE LANGUAGE OF LOGIC 

H. Freudenthal. Introduces logic as a lan- 
guage, using mathematics as the vehicle lan- 
guage. Feb. $8.00? 


NEUTRON TRANSPORT THEORY 
J. H. Tait. An introductory account of the 
mathematical methods used in neutron 
transport theory (Math. Physics Series). 

1965 $6.00 
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* & lack of a general introduction or 
ovérview of the topic. A short biography 
of Koshtoyants and a list of his works 
compiled by Turp&yev will prove valua- 
ble to those interested in the life and 
work of one.of Russia's leading com- 
parative physiologists. 

Comparative physiology in Russia has 
often taken a different course from that 
in the West. As & consequence, one 
finds in this book unfamiliar ideas ex- 
pressed with erudition and some familiar 
concepts treated very naively. lt is this 
difference that makes this volume 
unique and valuable, The bibliographies 
accompanying each article should pro- 
vide a key to the Russian literature. 

The translation is at times literal and 
awkwardly phrased in English, but it is 
relatively free of distracting errors. One 
finds occasional examples of loss of 
meaning or information content due to 
multiple translations, e.g., the swordtail 
poeciliid (Xiphophorus helleri) per- 
muted to swordfish (p. 234). The price 
of the book is not unreasonable. It 
should prove interesting to those con- 
cerned with the interface of physiology 
and evolution.—James Edward Heath 


Immunology (An Outline of Basic Prin- 
ciples, Problems, & Theories Concern- 
ing the Immunological Behaviour of 
Man & Animals) by D. F. Gray; 154 
pages; $2.95 paper; American Elsevier 
Publishing Company, 1964. 


This book emphasizes immunobiology 
rather than immunochemistry. It covers 
those aspects of immunology which are 
of direct interest to students of human 
and veterinary medicine. The book in- 
cludes the author’s own interesting 
blend of "Genetic-Instructive" theories 
of antibody formation. Host-parasite 
relationships, pathogenesis, prophylaxis 
and immunotherapy, allergy and hyper- 
sensitivity and especially antibody for- 
mation, are discussed in detail. 

The author fully realizes the limited 
state of our present knowledge in many 
- areas. He reminds his readers that ac- 
tive research is in progress in many 
laboratories and foresees clarification of 
the confused picture he is unfortunately 
forced to present in many places. Per- 
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haps, even now, he would wish to revise 
numerous sections. For example, he 
refers to the evidence available in 1962 
on the structure of immunoglobulin 
molecules, which suggested that the 
heavy polypeptide chains of antibodies 
lacked specificity and the light chains 
determined their specificity. None of the 
more recent evidence for chain interac- 
tion, and specificity of heavy chains is 
discussed. 

Students and general readers will find 
summaries at the end of each chapter, 
which are concise and useful. Gray 
decreased the value of the book to ad- 
vanced students and research workers 
by including only a spotty selection of 
references chosen to suggest further 
reading or to document controversial 
points. 

Since this book is inexpensive, easy 
to read, and reasonably accurate, it 
would seem to serve best as an adjunct 
to a more comprehensive text or detailed 
lecture series. —Rose G. Mage 


Naturalistic Behavior of Nonhuman Pri- 
mates by C. R. CARPENTER; 454 
pages; $9.50; The Pennsylvania State 
University Press, 1965. 


This volume contains a reprinting of 
seventeen papers by C. R. Carpenter. 
Included are the classic monographs on 
howling monkeys and gibbons, which 
more than any other papers laid the 
foundation for modern studies of free- 
ranging primates. There are shorter 
papers on spider monkey, gorilla, 
orang-utan, siamang gibbon, and the 
sexual behavior of rhesus monkeys. 
There are six papers interpreting pri- 
mate society and new concluding re- 
marks by the author. Until the ap- 
pearance of this volume these articles 
have been out of print, scattered, and 
difficult to obtain. Now Carpenter’s 
contributions have been brought to- 
gether and made easily available, and 
this wil increase their impact on the 
numerous students who are now follow- 
ing the example which Carpenter set in 
his study of howling monkeys thirty 
years ago. 

The papers are presented in chrono- 
logieal order, but the reader is advised to 






























NONEQUILIBRIUM THERMODYNAMICS 
IN BIOPHYSICS 
By A. KATCHALSKY and PETER F. CURRAN 


This work, directed primarily to students and re- 
search workers in biophysics and biochemistry, 
but also useful to those in physiology and physical 
chemistry, provides a valuable introduction to the 
thermodynamics of irreversible processes. Har- 
vard Books in Biophysics, 1. 35 figures. $9.75 


CATALOG OF THE NEUROLOGICAL 
MUTANTS OF THE MOUSE 


By RICHARD L. SIDMAN, MARGARET C. GREEN 
and STANLEY H. APPEL 


Describing in detail the singular characteristics of 
all known neurological mutant mice, this book 
provides the medical researcher with a valuable 
reference tool and the mouse researcher with a 
most useful guide for identifying new mutants as 
they appear. Paperbound. $2.00 


AN ESSAY ON THE CAUSES OF THE 
VARIETY OF COMPLEXION AND 
FIGURE IN THE HUMAN SPECIES 


By SAMUEL STANHOPE SMITH 
Edited by WINTHROP D. JORDAN 


In 1810 the President of Princeton University pub- 
lished this book on the essential equality of human 
races. Confident that the findings of natural 
science would prove that mankind was a single 
entity, Smith set about to show that man had come 

to vary in color and form as a result of climatic * 
and cultural differences. The John Harvard 
Library. $5.95 


CLIMATIC CHANGE 
Edited by HARLOW SHAPLEY 


“Replete with data and ideas of far reaching signifi- 
cance."——ZAmerican Scientist. “It would be dift- 
cult to imagine a wider assortment of scientific 
fields, all dixectly connected with a single main 
theme.... stimulating and highly informative 
reading .. ."—Science. ‘Unusually interesting and 
varied . . ."——Scieniific American. Fourth print- 
ing. $7.00 
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* start with two of the general statements 
on. the nature of societies of monkeys 
and apes, pp. 342-364. In these Carpen- 
ter states his anhs and methods, and 
they form a useful background to the 
studies on particular species. 

In spite of all the recent field studies, 
Carpenter’s contributions still rank 
among the most useful, and there is no 
better statement on the goals, methods, 
and problems of the field studies than 
what he wrote in 1942.—S. L. Washburn 


Fundamental Astrometry, Determination 
of Stellar Coordination by V. V. 
Poposep; English edition edited by 
A. N. VtssorskY; 286 pages; $7.50; 
The University of Chicago Press, 
1965; Original Moscow edition 1962. 


The field of Astrometry, i.e., the 
determination of coordinates of celestial 
objects has been overshadowed by the 
more glamorous branches of astronomy 
for & long time. Advanced and re- 
searched by only a handful of specialists, 
many of today’s astrophysicists and 
space scientists are woefully misin- 
formed about the importance, aims and 
methods of astrometry. One might have 
hoped that the present book would be 
capable of rernedying this situation at 
least in part. Unfortunately, such hopes 
appear unfounded. 

The book is essentially a collection of 
notes for & course that the author 
teaches at Moscow University. Almost 
two-thirds of the book are devoted to 
the discussion of technical details of the 
reduction of measurements made on 
meridian instruments. Descriptions of 
instruments and methods for the elimi- 
nation of instrumént errors are given in 
great detail while one must look 
through the pages very carefully (and 
often in vain) for diseussions of the 
physical significance of the subjects 
considered or their tie-in with the sci- 
ence of the universe as a whole. 

The rest of the book, dealing with the 
determination proper of stellar coordi- 
nates by meridian observations and by 
photographic means and their combina- 
tion into star catalogues of various types, 
is Just as uninspired. Here again we miss 
the pointing out of important high- 
lights. 
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'The author refrains from the use of 
modern mathematical techniques, even 
where their application would be 
natural. Nowhere in the book are 
matrices and vectors used. Series de- 
velopments are retained where exact 
formulas would have given better re- 
sults and would have permitted deeper 
insight for the reader. The emérgence 
of electronic computers arid the accom- 
panying change in techniques is ignored. 
(As desk ealeulators should not be used 
only to add logarithms, computers 
should not be used only to program 
formulas developed in the precomputer 
area.) 

There is quite a number of small in- 
accuracies. The chapter on photographic 
methods ignores the developments of 
the last 30 years and contains several 
errors. Technical terms are sometimes 
improperly rendered (i.e., for instance 
“equalization” is used where "adjust- 
ment" is meant, etc.) and names are 
oceasionally improperly re-transcribed 
into the latin alphabet. 

I am afraid the book will do nothing 
to dispel the prejudices of some astro- 
physicists against astrometry which 
they believe to be a dull, stagnant 
discipline apart from the main stream of 
the problems on which today’s scientists 
focus their interest. The specialist, 
however, will have to look elsewhere for 
more complete, more contemporary and 
more authoritative information.—Hein- 
rich K. Hichhorn-von Wurmb 


Histones & Other Nuclear Proteins by 
H. Buscu; 266 pages; $9.50; Aca- 
demic Press, 1965. 


Kossel’s book “The Protamines and 
Histones” appeared in 1921. The subject 
than went book-less for over 40 years. 
Suddenly in the past two years, two 
volumes devoted to histone matters 
have appeared, of which the present 
book by Professor Harris Busch is one. 
The sudden interest in the histones is, of 
course, due to the fact that it is to these 
proteins that nature entrusts the task of 
complex-formation with the genetic 
DNA of higher organisms. Further, 
DNA fully complexed with an appropri- 
ate histone is inaccessible for transcrip- 
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FRIEDEL-CRAFTS AND RELATED REACTIONS, Volume IV: Miscellaneous Reactions, 
Indexes. Edited by Gzorcz A. Oran. Final volume in the Interscience work giving critical 
evaluation and review of all useful information on the subject. Covers reactions of ethers and 
cyclic ethers, reactions of aromatics with Lewis acid metal halides, reactions of non-bénzoid 
aromatics, reactions with organometallic compounds, reactions in organophosphorus and car- 
bohydrate chemistry and reactions with metathetic Cation-Forming salts. 1965. 1191 
pages. $45.00. 


BETA DECAY. By C. S Wu and S. A. Moszxowsxi. Most lucid and up-to-date book on 
nuclear beta decay and leptonic decays of weak interactions. Encompasses both theoretical 
and experimental treatments. Takes into account spins of elementary particles involved and 
variance requirements; discusses pertinent processes intrinsically related to nuclear beta decay. 
An Interscience book. 1965. Approx. 377 pages. Prob. $15.00. 


METHODS OF FORENSIC SCIENCE, Volume IV. Edited by A. S. Curry. A self- 
modernizing handbook for forensic laboratory work covering latest methods which have proved 
helpful in actual practice. Includes chapters from many and varied fields of investigation. 
An Interscience book. 1965. 369 pages. $15.50. 


PHYSICAL PROPERTIES IN THE STRUCTURE AND EVOLUTION OF GALAXIES. 
Quasars: 13th Solvay Physics Conference, 1964. Papers on stellar evolution and extra- 
galactic radio sources. Included are: Role of magnetic fields and cosmic rays; formation of 
stars; supernovae and supernovae remnants; X-ray astronomy; mechanisms of extra-galactic 
radio sources. An Interscience book. 1965. Approx. 185 pages. $9.00. 


ANGULAR CORRELATION METHODS IN SCINTILLATION SPECTROSCOPY: By A. 
J. Fercuson. Covers theory and practice of gamma-ray angulation studies as applied to prob- 
lems in nuclear spectroscopy. Includes studies made with particle accelerators, radioactive 
sources and polarization equipment. Gives specific cases, numerical calculations, apparatus, 
coefficients and functions used in angular correlation analysis. A North-Holland (Interscience) 
book. 1965. 214pages. $8.00. 


TRACE ANALYSIS: Physical Methods. Edited by Grorce H. Morrison. Provides basic 
terms and concepts common to all trace methods; analyzes the role of trace elements in physical 
and biological sciences; treats separations and preconcentrations invaluable to many trace 
methods. An Interscience book. 1965. Approx. 592 pages. $16.00. 


THE ELECTRON MICROPROBE. Edited by T. D. McKinzey, K. F. J. Hzixsicn, D. B. 
WirrRYy. Proceedings of Symposium on Electron Microprobe, Atlantic City, N. J., June 1963. 
Includes extensive tables of X-ray mass absorption coefficients, of coefficients for absorption 
corrections and coefficients for K fluorescencecorrections. Another feature is Heinrich bibliog- 
raphy. Approx. 1965. 1018 pages. Prob. $27.50. 


INTRODUCTION TO LASER PHYSICS. By Bzra A. Lzwovzr. Includes chapters on 
radiation and atomic physics description and theory of lasers, solid and fluid-state lasers, 
gas lasers, variation of laser oscillations in space and time, non-linear phenomena and laser 
applications. 1965. Approx. 352 pages. Prob. $8.95. 
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*tion by RNA polymerase. Histones are 
therefore repressors of genetic activity. 
Investigation of the interactions of 
histone and DNA can, we imagine, 
provide a route to the study of the 
regulation of gene function, and hence 
to the molecular basis of development. 
Study of the histones and their DNA 
complexes, the nucleohistones, is, then a 
current and exciting frontier of biology, 
although this excitement does not al- 
ways shine through clearly in Professor 
Busch’s book, which is in addition 
highly cancer oriented. It is, however, 
thin enough (266 pages) for the busy 
biologist to read it in its entirety, but 
thick enough to contain appreciable 
pertinent information. An introductory 
chapter provides an excellent historical 
summary of the subject which started 
with Miescher, also the discoverer of 
DNA over 100 years ago. Chapter I is 
devoted to the protamines which replace 
histones in the sperm of fish, birds and 
some invertebrates. Although the prota- 
mines are small (moleeular weight 2000 
to 5000), neither the number of different 
species of molecules present in any 
partieular sperm, nor the amino acid 
sequence of any one species, is as yet 
known. There is clearly much to do in 
the protamine field. Chapter II sum- 
marizes the amino aeid compositions of 
histone mixtures obtained from different 
cell types and .the histone fractions 
Separated from them, as well as the 
N-terminal amino acids of such fractions. 
Generally speaking, current histone 
fractionation procedures, discussed in 
Chapter III, divide whole histone into 
six sub-groups, each characterized by 
its own N-terminal amino acid, and 
characteristic amino acid composition. 
Interestingly, these characteristics, as 
well as the amino acid compositions of 
the tryptic peptides obtained from in- 
dividual histone fractions, are similar, or 
indeed identical, throughout a wide 
range of living creatures, higher plants 
and animals. So far as today’s knowledge 
goes, the histones of different creatures 
vary from one another no more than do 
proteins of other specific functions, as 
for example the hemoglobins, or the 
cytochromes. Chapter III concerns 
methodology—methods for isolation of 
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nuelei and nuclear subfractions, as well 
as methods for the direct isolation of 
chromatin. Curiously enough, Busch 
favors for the latter purpose Mirsky's 
methods, developed nearly 20 years ago, 
which make use of high salt concentra- 
tions, and does not mention either the 
newer procedure of Zubay and Doty 
or our own methods which employ low 
ionic strength and sucrose density 
gradient centrifugation, and which yield 
nuclechistone much more closely ap- 
proximating the native state than does 
the high ionic strength procedure. For 
separation of individual histones from 
one another, Busch favors the fractional 
extraction and chromatographic 
methods of Johns and Butler, and pays 
little attention to the methods of 
Rasmussen, Murray and Luck, which 
have proven so highly repeatable and 
successful in other laboratories. Busch 
likes starch gel electrophoresis, too, 
although his results, photographically 
presented, do not show clearly why he 
does so. Chapter IV concerns spatial 
relationships between DNA and his- 
tones, a subject which naturally is 
treated less than wholly satisfactorily 
since next to nothing is known about it. 
The following chapter, ‘Functions of 
the Histones," concerns principally the 
fact, alluded to earlier, that native 
nucleohistone, as well as appropriately 
reconstituted artificial nucleohistone, is 
inactive in the support of DNA-de- 
pendent RNA synthesis by RNA poly- 
merase. 

The primary structure of histone, a 
subject to which Busch has been a major 
contributor, is considered in Chapter 
VI. This subject is now approachable 
since Busch has been able to prepare 
two individual histones which yield, 
respectively, 24 and 14 tryptic peptides. 
It is to be hoped that the complete 
amino acid sequence of these two his- 
tones will be available in the near future. 
Chapter VII concerns histone synthesis, 
the exact geographical site of which can- 
not as yet be pinpointed, and histone 
turnover, which takes place at a slow 
rate, even in cells in which there is no 
DNA replication. Chapter VIII con- 
cerns the non-histone nuclear proteins, 
about which little is however known, 
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* while Chapter IX discusses, although 
not in detail, several of the nuclear 
enzymes, particularly DNA. polymerase 
and RNA polymerase. 

Professor Busch is a cautious man, 
and he presents all, or nearly all sides, 
of every question, without coming 
right out and boldly stating which he 
prefers. This makes difficulties for the 
reader. Considering the present un- 
settled state of histone knowledge, 
equivocation may well, however, be the 
course of wisdom for the author of a 
book such as this. Professor Busch’s 
book can be recommended to biologists, 
particularly those in the cancer field, 
interested in entering the field of 
nuclear metabolism; in it they will find 
not only a summary of what has gone 
on in the past, but also a wealth of 
references and a handy guide to Profes- 
sor Busch’s own publications —James 
Bonner 


Concepts in Quantum Mechanics by F. A. 
KAEMPFFER; 358 pages; $9.75; Aca- 
demic Press, 1964. Vol. 18 of Pure & 
Applied Physics Series, edited by 
H. S. W. Massey & K. A. BRuscx- 
NER. 


Professor Kaempffer’s book is a 
significant contribution to the enter- 
prise of anchoring the conceptual frame- 
work of quantum mechanies firmly in 
the education of our graduate students. 
'The title describes the purpose of the 
book aecurately, and it is probably 
realistie to assume that the book will 
find its greatest use as a supplementary 
text in the standard quantum mechanics 
course. 

Great stress is laid on the exploitation 
of symmetries and on the exposition of 
the structural features essential to an 
understanding of current views on 
elementary particles. The choice of 
material is quite idiosyncratic but, with 
the possible exception of an unproduc- 
tive overemphasis on discrete symmetry 
operations, what is taken up deserves 
full attention. The guiding principle in 
the selection seems to have been an 
insistence on topics which, like spin, 
isospin, quasiparticles, and time (or, as 
Kaempffer properly prefers, motion) 
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reversal invariance, have no simple 
classical correspondence. 

The author breaks with tradition 
wherever possible, and usually with 
advantage to the treatment. For exam- 
ple, he assumes the fundamental prop- 
erties of photons and eventually derives 
Maxwell’s equations instead of quan- 
tizing them. He is to be commended 
for his efforts to show how quantum 
mechanies has, by concentrating on 
states and excitations, led to a subtle 
but radical change in our concept of a 
particle. Although, as Kaempffer points 
out, there is still room for an even better 
understanding of the notion of quasi- 
particles as something more than a use- 
ful mathematieal device, every attempt 
to make the new attitude toward the 
concept of a physical system pedagogi- 
cally palatable is welcome. 

Occasionally, Kaempffer carries his 
antitraditionalism too far: Planck’s 
constant is never mentioned, and it is 
tacitly assumed that the reader has 
grown up with some “natural” units 
(although, surprisingly, an explanatory 
statement is made about Boltzmann’s 
constant). In view of this attitude, 
which reflects the abstract temper of the 
book, physicists engaged in experi- 
menta] research” whom the author in- 
cludes among his intended readers, may 
find the distance between Kaempffer’s 
concepts and the objects of their meas- 
urements unnecessarily extended. 

Kaempffer shows impatience with 
perturbation theory and its achieve- 
ments; yet, his brief chapters on quan- 
tum electrodynamics and Feynman 
diagrams are some of the best parts of 
the book. Here, as elsewhere, he has 
some perceptive, and often pungent, 
things to say about the meaning of what 
has been done, or the prospects for the 
future. (“One has to go back in the 
history of physics to Faraday’s concept 
of the field line if one wants to find a 
mnemonic device which matches Feyn- 
man’s graph in propagandistic persua- 
siveness.’’) . 

Since this is an interesting book, there 
is inevitably cause here and there for 
disagreement with the author's ap- 
proach. For instance, one may remain 
unconvinced that the early sections pur- 
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One evening this spring, Dr. Maarten Schmidt sighted from Palomar a celestial object so distant 
it seemed to lie close to the beginning of time. Its light, he calculated, had begun its journey to earth 
soon after the postulated birth of the universe. Spectacular news — the first real clue to support Einstein’s 
“big bang” theory of the universe’s creation. 


Dr. Schmidt lost no time in sharing the news—news that had already traveled 30 billion light 
years — with Dr. Subrahmanyan Chandrasekhar, editor of The Astrophysical Journal, published by The 
University of Chicago Press. In another twinkling, Dr. Schmidt’s findings were appended to the April 
issue of the Journal, already on the press.* So it was that this specialists’ journal (a journal that each 
month this year has found itself handling late news from outer space), became the meahs by which the 
daily press and thus the entire world learned of the great discovery. 
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200 pp. $7.50 632 pp. $15.00 


Quasi-Stellar Sources and Gravitational Collapse. Edited 
by Ivor Robinson, Aifred Schild, and E. L. Schucking. 
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porting to contain a theory of measure- 
ment even approach that lofty goal; nor 
are the speculations on the ultimate role 
of superselection rules very illuminating; 
and the enormous care lavished on the 
consistent use of vector spaces leads to a 
profusion of direct products and not 
much greater clarity. The teacher of 
quantum mechanics who is considering 
“Concepts of Quantum Mechanics” as 
a text should also realize that such 
‘mathematical stunts" as the theory of 
the hydrogen atom are omitted, al- 
though one supposes that they are taken 
up as assigned problems in the author’s 
introductory two-year course at the 
University of British Columbia, upon 
which the present volume is based. 

Kaempffer’s style is, on the whole, 
unusually fine, but it is marred by such 
terms as “‘conjugality” and by innumer- 
able split infinitives. 

On balance, the book succeeds well in 
its announced attempt to present ad- 
vanced quantum mechanics from an 
elementary point of view. It will be 
read with profit, and enjoyment, by 
those who manipulate easily in linear 
vector spaces and who know that 
“abstract” is not the antonym of 
“elementary.”—Hugen Merzbacher 


Radiation Damage in Crystals by L. T. 
CHADDERTON; 202 pages; $6.75; John 
Wiley -& Sons, 1965. (Methuen Mono- 
graphs on Physical Subjects.) 


There are many books on scientific 
subjects which are scientifically correct, 
which have a fairly uniform level of 
sophistication, but which are very poorly 
written from the pedagogical point of 
view. Chadderton’s “Radiation Damage 
in Crystals" is a prime example of a book 
which is not only scientifically correct 
but which satisfies also all the require- 
ments of an introductory text. It is 
really a gem in its field. It does not re- 
quire any complicated mathematical 
concepts and it stresses the basic physics 
of the various processes taking place in 
the crystal subjected to radiation. Start- 
ing with a description of various lattice 
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defects such as point defects, disloca- 
tions, crowdions, split interstitials, etc., 
it goes into thermal spikes, displacement 
spikes, and correlated collisions. The 
reviewer was particularly impressed by 
the treatment of focussing, channelling, 
sputtering, etc. The computer simula- 
tion of irradiation phenomena is treated 
in detail, stressing the tremendous im- 
pact it had on our intuitive picture of 
what goes on in a crystal. It is also quite 
properly pointed out that these 'mathe- 
matical experiments” do not supplant 
rea] theoretical calculations in which the 
role of various parameters can be quanti- 
tatively and often even analytically 
understood. A special compliment 
should be paid concerning the excellent 
illustrations of which Fig. 50, showing 
the regions of applicability of various 
stopping power formulae, is a prime ex- 
ample. There are many parts of the book 
which will be of value not only to those 
who need an introduction to this field 
but also to many who are already deeply 
in it. Here, a good example is the chapter 
on atomic interaction potentials. After 
reading the book one has a feeling not 
only of having had a guided, though 
quiek, tour in & new world but also 
an esthetically satisfactory experience. 
—R. Smoluchowski 


Mammals of the World by E. P. WALKER 
et al.; 1500 pages; Vols. I & II boxed 
set $25; Vol III, Bibliography, 
$12.50; Johns Hopkins Press, 1964. 


More than thirty years ago E. P. 
Walker set himself the horrendous task 
of describing and illustrating all the 
genera of living mammals. Aided by six 
associates, a massive two-volume work 
with an additional volume of bibliog- 
raphy was published in 1964. No other 
book or books dedicated to this purpose 
have been published, and this reviewer 
is lost in admiration for anyone who 
has the courage to undertake, and the 
tenacity to finish, this enormous labor. 

The fundamental purpose of a work 
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of flower forms in the Phlox family results from adaptive radiation in 
the method of pollination. $5.75 
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such as this is to establish a single source 
to which scientist or amateur may turn 
‘for information concerning a certain 
genüs of mammals. Thus, the authors 
are faced’ with the problem of defining 
each genus and intluding enough solid 
facts about it for the serious student, 
while making the text moderately read- 
able for the amateur. They have suc- 
ceeded in part in this endeavor, for the 
text, which is divided into descriptions 
of each order, family and genus, is 
interesting and informative. 

When one examines the books for 
concrete scientific information, how- 
ever, it is apparent that they suffer from 
an absence of bibliographic references 
in the text. There is a bibliography of 
about 4500 titles in the back of Volume 
I, and Volume ITI is totally devoted to 
bibliography and has over 40,000 refer- 
ences arranged under various subject 
headings. The text does not refer to 
either of these bibliographies. 

Systematists will undoubtedly argue 
forever about the various genera of 
mammals, and this is their prerogative 
as long as they provide the interested 
observer with basic references so that 
he may form his own opinion, The 
mammalian genera listed in these two 
volumes differ greatly from those in 
Simpson’s classical work (Simpson, 
G. G., 1945, Bull. Am. Mus. Nat. Hist., 
$5) and other standard references; yet, 
without a bibliography, the reader 
cannot even begin to check on the ac- 
curacy of the authors’ judgment. This 
criticism applies also to statements con- 
cerning the natural history and physi- 
ology of the various genera. 

The authors must have expended 
great effort to obtain photographs of 
each genus of mammals, and some of 
them are very good. Others, however, 
are of such poor quality that they lack 
any illustrative value. Some are of 
study skins, others are of bodies still 
wet from preservative; in some the 
reproduction or the original photog- 
raphy is poor, and in others there is no 
explanation in the text of the insets in 
the illustrations. Simple sketches of 
genera for which there was no good 
photograph would be much more in- 
formative. In these respects the work 
falls short of being a reliable refer- 
ence.—Charles P. Lyman 
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Mars by R. S. Rucmampsow; Paint- * 
ings by C. BowEsTELL; 151 pages; 
' $8.50; Harcourt, Brace & World, 1964. 


' This book is written by Robert S. 
Richardson, a professional astronomer 
well-known for his popular writings, and 
includes 11 paintings in color, by the 
equally well-known astronomical il- 
lustrator, Chesley Bonestell. Richardson 
qualitatively describes, with consider- 
able success, not only the physical en- 
vironment of Mars and its characteristic 
and enigmatic features, such as the 
seasonal variations, the canals, and the 
blue haze, but also manages to intro- 
duce, on a very simple level, a fair 
amount of celestial mechanics and inter- 
planetary transfer trajectories. There 
is a good discussion of the relative mo- 
tions of the Earth and Mars, with an 
emphasis on naked-eye observations 
of Mars near the 1971 opposition: the 
reader will have plenty of time to plan 
his observations carefully. The descrip- 
tion of observations is sometimes given 
in the first person, and Richardson very 
successfully conveys the frustrations 
and exultations of conventional plane- 
tary astronomy. The volume is also 
graced with a charming speculation, 
which Richardson is quick to disown, 
on the circumstances surrounding Jona- 
than Swift's celebrated announcement 
that Mars is accompanied by two small 
moons, one hundred and fifty years 
before their discovery by Asaph Hall. 
Unfortunately, the book is flawed by 
many errors of fact or interpretation. 
It is stated that the thin Martian atmos- 
phere is unable to support dust; but 
the yellow clouds have the same polari- 
metric properties as the granulated 
material of the Martian bright areas, 
and theoretical studies by Ryan and by 
Gifford have shown that the raising of 
the dust by Martian winds leads to no 
apparent theoretical difficulties. The 
book states that, in the absence of air 
resistance, two falling objects of un- 
equal mass have the same motion, be- 
cause the gravitational force exerted by 
the Earth is independent of the mass of 
the objects. It is, of course, the ac- 
celeration, not the force, which is inde- 
pendent of mass. National space agen- 
cies in both hemispheres will want to 
investigate more thoroughly the de- 
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.pieted “retroactive” rockets used in 
planetary landing missions. They are 
employed, evidently, only after ac- 
cidental crash landings. 

On the biological side, there are a 
number-of implicit or explicit fallacies. 
The absence of oxygen in the Martian 
atmosphere is considered to restrict 
severely the possibility of Martian life. 
Chlorophyll is considered a molecule 
which might reasonably be expected in 
Martian planis. The possible presence 
of 1 mm-atm of NO, in the Martian 
atmosphere—the actual upper limit 
is now known to be much less—is said 
to rule out automatically life on Mars 
because of the vaunted poisonous 
properties of nitrogen peroxide. Despite 
a nod to molecular biology in Chapter 
I, Richardson later delivers himself 
of the opinion that the study of Martian 
organisms would be of little general 
interest to biology. Many would argue 
that since all organisms on the Earth 
have apparently evolved from a single 
instance of the origin of life, only by 
investigating extraterrestrial life can 
the biologist obtain any sense of per- 
spective. The forthcoming publication 
of the National Academy of Sciences, 
“Biology and the Exploration of Mars,” 
is devoted in part to an elaboration of 
this thesis. 

The discussion of life on Mars, in fact, 
underlines one general weakness of the 
book. In & work which discusses the 
percentage of women allowable in a 
future Martian colony, its calendrical 
conventions, hydroponic systems, and 
the psychological problems attendant on 
extraterrestrial colonization, there is a 
curious lack of justification, scientific 
or otherwise, for the exploration of 
Mars. The enormous significance of 
scientific exploration of Mars, what- 
ever the results, for biology, for geology, 
for meteorology, for cosmogony, are 
never mentioned. A similar lack of 
excitement carries over to some of 
Bonestell’s paintings. In years past, a 
Bonestell illustration of a spacecraft 
docking manoeuvre with a familiar 
geographical feature looming below was 
exhilarating in its realism. However, 
reality has now caught up with Bone- 
stell. Photographs of southern Cali- 
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fornia with astronaut rampant have 
graced the front pages of our news- 
papers. The place for artistic license 
would have been in the depiction of the 
Martian landscape in situ. The bright 
areas are deserts and it is easy to paint 
deserts, but what do the dark areas 
look like? Of all the illustrations in the 
book, not one attempts to depict the 
dark areas with the verve and imagina- 
tion that made Bonestell’s paintings in 
“The Conquest of Space" so memor- 
able. Yet, some of the paintings are 
breathtaking, and the text, taken cum 
grano salis, is lively and informative 
popular writing —Carl Sagan 


Basic Concepts of Ecology, by C. B. 
Knicut; 468 pages; $8.50; The 
Macmillan Company, 1965. 


The title of this book is misleading 
in that the author is primarily con- 
cerned with describing the environment 
rather than presenting fundamental 
concepts. An excessive amount of 
terminology and factual material, some- 
times of dubious relevance, is intro- 
duced—an entire chapter, for instance, 
is devoted to climatology—with little 
attempt made at integration. On the 
other hand, many of the most important 
and interesting ecological principles, 
problems, controversies, and fields of 
endeavor go without proper illustration, 
analysis, and sometimes even mention. 
As examples, the idea of the ecological 
niche, population growth and oscilla- 
tions, population and community ener- 
getics, biological competition, preda- 
tion, and community structure all re- 
ceive poor and superficial treatment, 
while biogeochemical cycles are not in- 
cluded. 

The book cannot be recommended 
for introductory college courses in 
ecology, for which use it was designed. 
Other introductory texts contain much 
more comprehensive, up-to-date, bal- 
anced, and stimulating coverages. The 
subject matter of modern ecology is 
certainly not adequately represented.— 
John J. Gilbert 
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Most of the essays in this book appeared in the original Daedalus issue 
of “Science and Culture,” but the text has been expanded significantly with 
the report by the Committee on Science in the Promotion of Human Welfare 
of the American Association for the Advancement of Science which care- 
fully analyzes the encroachment of social and political objectives for research 
into the realm of. purely scientific aims in the race for the moon. It is a 
hard-hitting and disturbing article. The newly included essay by Gerald 
Holton strikes a balance with an argument for the forces of cohesion; he 
defines “a third dimension” in the process of forming scientific hypotheses 
which resembles thought processes in the humanities because it is based on 
fundamental presuppositions “neither directly involved from, nor resolvable 
into, objective observation (or) formal analytic ratiocination . . .” 

Among the distinguished contributors to this volume are Margaret Mead, 
Gyorgy Kepes, James Ackerman, Daniel Bell, Harvey Brooks, Oscar Handlin, 
Edmund R. Leach, Harry Levin, Herbert Marcuse, Robert S. Morison, 
Talcott Parsons, Don K. Price, and Eric Weil. 
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Advances in Child Development & 
Behavior, Vol. 2., edited by L. P. 
Lirsitr & C. C. Spiker; 256 pp; 
$12.50; Academie Press, 1965. 


This .book is the second volume in 
what should prove to be a very im- 
portant series to those interested in 
maintaining close contact with research 
trends in developmental psychology. 
The proliferation of new psychological 
journals as well as the scattering of re- 
search reports relevant to child psy- 
chology throughout the psychological 
literature precludes the possibility of 
most investigators following develop- 
ments on topics beyond their own areas 
of specific interest. Consequently, the 
singular value of the series must lie in 
the efforts of the contributing authors 
to draw together information pertinent 
to their particular areas of competence 
from the many diverse original sources 
in addition to presenting their own re- 
cent efforts in those areas. 

The present volume includes eight 
papers representing several approaches 
to the study of development. Experi- 
mental analyses of learning processes 
are discussed in (1) A. Castaneda’s 
methodological and theoretical treat- 
ment of the paired-associate learning 
task as a vehicle for studying the pos- 
sible motivational characteristics of 
associative habits, (2) one of the most 
comprehensive treatments available of 
the transfer effects of stimulus pretrain- 
ing on subsequent learning by J. H. 
Cantor, @) a presentation of the rela- 
tively recent but rapidly developing 
concern with factors influencing social 
reinforeement by H. W. Stevenson, 
and (4) G. Terrel's compilation of find- 
ings from widely diversified situations 
related to the effects of delayed rein- 
forcement. From a considerable body of 
experimental and descriptive data, S. H. 
White marshals support for an hypothe- 
sis concerning the ontogeny of the learn- 
ing process. Despite starting from rather 
tenuous premises, E. S. Gollin presents 
a lucid argument in favor of the de- 
velopmental approach traditional to the 
field of child development. The factors 
influencing the development of social 
responses in infancy and early childhood 
are discussed by R. H. Walters and 
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R. D. Parke, while H. V. Meredith 
presents a sizable catalogue of cor- 
relational analyses of interage relation- 
ships among anatomic measures. 

The strength of this series will be 
maintained in the future, as it has been 
in this volume, by the inclusion of pa- 
pers representing breadth both across 
the field and within the contributors’ 
areas of competence. There is obvious 
justification for all but the price of this 
Series.—David A. Wicklund 


Fishes of the Western North Atlantic. 
Part Four. Soft-rayed Bony Fishes, 
Order lsospondyli (part), Suborder 
Argentinoidea, Suborder Stomiatoidea, 
Suborder Esocoidea, Suborder Bathyl- 
aconoidea, Order Giganturoidei, edited 
by Y. Orsen; 599 pages; $27.50; 
Sears Foundation for Marine Re- 
search, Bingham Oceanographic Lab- 
oratory, Yale University, 1964. 


Part four of the Fishes of the Western 
North Atlantic continues the tradition 
of the first three parts. Its appearance 
only & year after part three, however, 
sets some sort of a record. Part one ap- 
peared in 1948, part two in 1953 and 
part three in 1963. Like its predecessors, 
part four is a handsome volume and a 
magnificent example of the printer's 
art; this makes its price a little easier 
to bear. 

Fishes of the Western North Allantic 
is intended to be a series of monographs 
bringing together our taxonomic knowl- 
edge of all the fishes occurring in the 
western part of the Atlantic Ocean from 
Hudson Bay to the mouth of the Ama- 
zon. The authors are all competent 
specialists and each section is a major 
ichthyological contribution. Following 
the examples set by Bigelow and 
Schroeder in the first two numbers, 
most authors have included extralimital 
species in their keys for comparative 
purposes and this greatly enhances the 
value of the work. - 

The fishes treated in part four are 
nearly all deep-sea forms that are nof 
apt to be encountered by the layman. 
Many are known from only a few speci- 
mens. Professional ichthyologists will 
welcome this volume as a ready aid for 
identifying these little-known species 





IS YOUR SET COMPLETE? 


Now the first five sections of the Handbook of Physiolog J are complete . . : 
check your set against the listing below, and if you are missing any of 
these volumes, send in your order now. 


Section 1: NEUROPHYSIOLOGY (3 volumes) Section III; RESPIRATION (2 volumes) 
Volume I : 1959, 794 pp., 446 figs., $22.00 Volume I : 1964, 934 pp., 458 figs., $32.00 
Volume II : 1960, 665 pp., 251 figs., $20.00 Volume II: 1965, 777 pp., many figs., $28.00 
Volume III: 1960, 573 pp., 122 figs., $20.00 


Section II: CIRCULATION (3 volumes) 
Volume I : 1962, 758 pp., 385 figs., $24.00 
Volume II : 1963, 1028 pp., 516 figs., $32.00 


Volume III: 1965, approx. 980 pp., approx. 
360 figs., $32.00 : 


Section IV: ADAPTATION TO THE 
ENVIRONMENT (J volume) 


Volume I: 1964, 1068 pp., 233 figs., $32.00 
Section V: ADIPOSE TISSUE (1 volume) 
Volume I: 1965, 832 pp., 326 figs., $28.00 


Distributed for the American Physiological Society by 


AN 


fo THE WILLIAMS & WILKINS COMPANY ` 
A zW 428 EAST PRESTON STREET/BALTIMORE, MARYLAND 21202/U.S.A. 





AMERICAN 
SCIENTIST 


(Society of the Sigma Xi) 
(Formerly Sigma Xi Quarterly) 
Available 1965/66 
Vols. 1-20. Champaign, III. 1913-1932 


(Partly in the original edition) 
Unbound 


Vols. 8-20, 1920-1932 
Per volume, paper bound 
Vol. 2, No. 3, 1914 
Vol. 3, Nos. 3, 4, 1915 
Vol. 4, No. 4, 1916 
Per volume, paper bound 


Available in the original edition 


Vols. 29, 35, 36, 47, 48, 1941-1960 
Per volume, unbound 


Many single issues available in the original 
edition. Please inquire, 


JOHNSON REPRINT 
CORPORATION 


111 Fifth Avenue, New York, N.Y.-10003 





Published October 1965: 


SCIENCE IN JAPAN’ 


496 pp., illus., bibliog., index, $13.00 
AAAS Members’ Cash Orders $11.00 


This volume provides a unique opportunity 
for American scientists to get both a broad and 
a detailed picture of recent scientific and techno- 
logical developments in Japan. Leading Jap- 
anese scientists discuss the organization of re- 
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and as an introduction to the scattered 
literature of deep-sea fishes. Unfor- 
tunately, titles are not included in the 
lists of bibliographic references but 
they would have been welcome in this 
field where we so often locate pertinent 
papers by scanhing the citations in re- 
lated and not-so-related papers. To 
have included the titles would probably 
not have added more than 5 or 6 pages 
to the entire volume. It would have been 
nice to have had the title of the articles 
included in the running heads for con- 
venience in using the book. 

Perhaps the major drawback of such 
an ambitious series of monographs is 
the relative inflexibility of format and 
content. The section on the pikes (Sub- 
order Esocoidei) is weaker than it should 
have been because this is a freshwater 
taxon and the author was limited to 
two species that have been recorded a 
few times from brackish water. In this 
case, adhering to the rules has lessened 
the value of the monograph. Presumably 
the editorial committee has been re- 
luctant to change, but isn’t rigidity 
a major handicap in a series such as 
this? This reviewer feels that any con- 
formistic tendency should have been 
directed toward the illustrations, some 
of which should have been redrawn for 
this work. 

Certainly the Fishes of the Western 
North Atlantic is a fine series and it is our 
hope that part five will appear in the 
near future.—C. Lavett Smith 


Physics of Thin Films, Vol. 2, edited by 
` G. Hass & R. Tuun; 441 pages; 
$15; New York, Academic Press, 
1964. 


This volume, the second of four, 
focuses on recent advances in thin film 
research and development. Included 
are three papers on fundamental film 
properties as well as two on electric film 
component fabrication and two discus- 
sions of optical properties on thin films. 
'The.content surveyed in these chapters 
has been extensively described in the 
literature and is well referenced by the 
individual authors. 

The first chapter, by C. Neugebauer, 
investigates the dependency of evapo- 
rated film properties on structural dis- 
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orders (instead of film thickness). Thin 
films differ from bulk materials by 
reason of their high defect density. 
Indeed, sufficiently thin films may exist 
only as islands, which are formed at the 
time of their initial deposition. The 
initial atoms of deposited material are 
subject to reevaporation; the prob- 
ability of this phenomenon is decreased 
by low substrate temperature and high 
binding energy of the adsorbed atom 
to the substrate. As migrating adsorbed 
atoms form aggregates, they tend to 
become more stable structures, having 
lower probability of reevaporation since 
they are bound to each other. As the 
islands’ surface-to-volume ratio de- 
creases with larger island size, the sta- 
bility similarly improves. For a given 
volume of evaporated material, ag- 
gregates are most likely to represent the 
final film condition when the evapora~ 
tion process is accompanied by a high 
substrate temperature, a low deposition 
rate, and a choice of substrate which 
results in low substrate-film binding 
energies. One manifestation of a film 
aggregate is the fact that the elec- 
trical resistivity is orders of magnitude 
greater than that of a continuous struc- 
ture, and that it exhibits a negative tem- 
perature coefficient in the case of metal- 
lic films. Thermionic emission and tun- 
neling have been suggested as the con- 
duction mechanisms of island films. 

Further material deposition results 
in continuous films, containing several 
classes of dislocations and other de- 
fects. These are extensively discussed 
by Neugebauer in light of both theory 
and experiment in this paper. 

Two other functional papers are in- 
cluded: “Interaction of Electron Beams 
with Thin Films” by C. J. Calbick 
and “Solar Absorptance and Thermal 
Emittance of Evaporated Coatings” 
by L. Drummeter and G. Hass. In the 
first paper, thin films are of particular 
interest because they provide miniature 
laboratories in which to study, among 
other things, scattering of electrons by 
single atoms and monolayers. In the 
second paper, thin films provide a 
vehicle to prepare surfaces of known 
pure composition to study their solar 
absorptance and thermal emittance 
properties which are related to such 
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* different questions as the control of 
temperature of space vehicles and the 
efficient conversion of solar energy. The 
two articles on optical properties of thin 
films discuss thin film optical reflection 
and transmission measurements, and 
the design of antireflection coatings for 
visible and infrared windows and 
lenses. 

In a chapter indicating the future of 
thin film active circuit devices, Paul 
Weimer summarizes the development 
and present status of the Insulated 
Gate Thin Film Transistor, first re- 
ported in 1961. Finally, Schwartz and 
Berry provide a comprehensive and 
informative discussion of Thin Film 
Components and Circuits, relating gross 
thin film properties to the fabrication of 
precision electrical network compo- 
nents. 

This publication serves a useful pur- 
pose in: presenting recent thin film de- 
velopments in a timely, compact, well 
written and well referenced book.— 
Ralph W. Wyndrum, Jr. 


Wind Waves; Their Generation and 
Propagation on the Ocean Surface by 
B. Kinsman; 675 pages; $23.35; 
Prentice-Hall, 1965. 


During the last ten or fifteen years, 
there has been something of a revolution 
in our understanding of the physics of 
ocean waves and in the art and tech- 
niques of practical wave forecasting. 
The author of this book approached and 
mastered«the subject during the time of 
change; the book is almost a chronicle of 
the revolution. 

It is very personal work, and indeed 
much of its charm and value derives 
from this. It begins with the most basic 
properties of surface waves presented in 
an elementary way. These are developed 
and extended, gaining in sophistication 
until the frontiers of the subject are 
approached. From simple sinusoidal 
waves, we progress by Fourier synthesis 
to more complicated wave forms, by the 
introduction of statistical ideas to the 
specification and properties of a random 
wave field,.to the non-linear aspects of 
the phenomena, the generation mecha- 
nisms and the various approaches to 
wave forecasting. In some cases, where 
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finality has not been reached the author 
tries to present the opposing points of 
view, usually providing enough informa- 
tion to give the reader a basis for a 
judgment of his own. A great deal of 
information is presented; as a mere 
compendium the book has value. But it 
is much more than that. 

The author is clearly very conscious of 
the difficulties experienced by the 
student oceanographer threading his 
way through the contributions made by 
his predecessors. Troublesome points 
are not hidden. In a tiresome calculation, 
the student is encouraged to stand back 
to see the point of the whole exercise, to 
resist the tendency to become lost in the 
trees. The whole book is enlivened by 
many an aside, a literate reference or a 
salty note drawn from the author’s 
experience. It is a book that could have 
been written for specialists much more 
briefly and (in the mathematical sense) 
elegantly, but this was not the author’s 
purpose. His book is for students new to 
this branch of oceanography; he tries to 
lead them through the various ideas of 
the subject, to show how life was 
breathed into it by those who made it. It 
is an unusual book in this, and is surely 
stimulating and successful—O. M. 
Phillips 


Protozoan Nutrition by R. P. Haun; 90 
pages; $3.50; Ginn & Co., Blaisdell, 
1965. 


Protozoa are engaging beasts, repre- 
senting many long-independent lines of 
animal evolution paralleling our own 
metazoan line. With recognition that 
many protozoa permit better glimpses of 
aspects of metazoan metabolism than 
permitted by bacteria or fungi, while 
manipulable by the cheap, handy meth- 
ods of microbiology, something of a 
biochemical goldrush is making protozoa 
widely used research objects. The first 
step towards biochemical Parnassus is to 
grow them. The book outlines the re- 
cipes for growing protozoa, with neat 
sketches of the biochemical motives for 
the aesthetic-biochemical motives un- 
derlying the often passionate absorption 
in refining recipes for culture media. The. 
book is recommended as a charming 
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survey of the scene—(it is -up-to-date) 
blended with gastronomic lore reminis- 
cent-of the great French cookbooks. 

The book is therefore valuable as an 
introduction to biochemistry via the 
backdoor of natural history—an unpre- 
tentious biochemistry without tears. 

The illustrations are well chosen. The 
main topics are phagocytosis and pino- 
cytosis, principal fuels, growth factors, 
and a timely section on the use of proto- 
zoa as pharmacological tools.—S. H. 
Hulner 


Guide to the Interpretation of Space Group 
Symbols by S. K. DICKINSON, JIR., 44 
pages; copies available on request; 
Clearing House for Federal Scientific 
& Technical Information (CESTI), 
Sill Building, 5285 Port Royal Road, 
Springfield, Virginia 22151. 


In this report, originating at the Air 
Force Research Laboratories in Bedford, 
Massachusetts, a scheme for presenting 
and interpreting the 230 space groups is 
developed. The step-wise development 
from crystal systems to space groups is 
traced in the report and center-fold 
chart. This report and the chart, in wall 
size (22 X 34 inches) and in color, are 
currently being distributed without 
charge as a service to those who may find 
them of use in teaching, studying, or 
research. 


Catalysis & Chemical Kinetics by A. A. 
BALANDIN, et al.; 255 pages; $10.00; 
Academie Press, 1964. 


According to the preface, the purpose 
of this book is to review some investiga- 
tions carried out by Polish scientists in 
the fields of catalysis and kinetics during 
the post-war period, and thus arouse 
wider interest in kinetic research. This 
has been accomplished. 

Starting out with a review of Soviet 
contributions to catalysis and kinetics, 
the book covers such topics as redox 
systems in solutions, alcohol dehydro- 
genation processes, the potential theory 
of adsorption, magnetic properties of 
contacts, and interfacial kinetics. 

Particularly interesting are detailed 
discussions of the multiplet theory of 
catalysis, electrical conductivity meas- 


488A 


urements on oxide catalysts and Fischer- 
Tropsch hydrocarbon synthesis. 

Catalyst selection, hydrolytic hydro- 
genation, enzymatic catalysis, thermal 
dissociation processes, and hydrogen 
peroxide catalytic reactions round out 
the fourteen papers presented. 

Each chapter, or paper, is self-con- 
tained and covers a specific area of 
interest. These chapters serve as an excel- 
lent starting point for further inquiries 
into the topics covered. One slight draw- 
back is that only about 30% of the refer- 
ences are in English language publica- 
tions. This, of course, poses no problem 
to anyone having access to translation 
facilities or English reprints, but may to 
one less fortunate. 

Anyone interested in catalytic kinet- 
ics should find this book very informa- 
tive. The editors have done a good job in 
selecting a varied cross section of 
topics.—Francis Eastburn 


Principles of Physical Geology by A. 
Horwzs; 1288 pages; $12.00; Ronald 
Press Co., 1965. 


This book, written by & noted and 
well qualified British geologist, is mas- 
sive (b pounds 10 ounces), wide-ranging, 
impressive, and well done. It is essen- 
tially a new book rather than a revision 
of Holmes’ widely used text which was 
published in 1945. The 1964 book has 31 
chapters (vs. 21 in the 1945 edition), 
1288 pages (vs. 532), and 880 figures (vs. 
95 plates and 262 figures). Furthermore, 
a page in the 1964 book includes more 
words than a similar page in the 1945 
publication. It is well indexed, attrac- 
tively illustrated, and relatively free of 
printing errors. European, British, and 
American references are listed at the end 
of each chapter. 

Holmes spent seven years full time in 
the preparation of the 1964 book. He 
points out that about 90 percent of all of 
the geologists who ever lived are still 
alive and active and that geology has 
been revolutionized by the research, 
observations, and new techniques of the 
last two decades or so. The rate of 
scientifie publication has been doubling 
every few years and, in geology, this rate 
has been advancing. Thus, it is increas- 
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` ingly difficult and time consuming to 
“dig out the essentials of recent progress 
from the avalanche of publications in 
which they are recorded.” 

In addition to topics generally dis- 
cussed in American physical geology 
texts, Holmes has ranged very widely. 
He has also included considerable mate- 
rial concerning controversial and specu- 
lative subjects: e.g., the possible expan- 
sion of the interior of the earth through- 
out geologic time, energy sources neces- 
sary to keep the earth’s internal “ma- 
chinery” going, granitization, continen- 
tal drifting and paleomagnetism, gravity 
gliding as a major factor in the folding of 
rocks, fluidization, the concept of 
rheidity, and evidence from a study of 
Paleozoic corals that the day has grad- 
ually lengthened. Holmes considers the 
evidence available for each topic and 
states his conclusions. 

Principles of Physical Geology should 
be a useful reference for graduate stu- 
dents preparing for comprehensive exams. 
However, it may prove too long and 
expensive for general use in courses in 
physical geology in American colleges. It 
seems most suited as a text or key refer- 
ence in some sort of advanced general 
geology course for undergraduate geol- 
ogy majors. All majors and teachers of 
the subject will want a copy for their 
personal libraries.—Richard J. Ordway 


Geochemistry of Sediments, Brief Survey, 
by E. T. DsaxNs; 342 pages; $13.25; 
Prentice, Hall, 1965. 


Few geochemists are able or are will- 
ing to accept the challenge of producing 
a book that summarizes the present state 
of knowledge in both inorganic and 
organic sedimentary geochemistry. In 
such a rapidly moving field, a book of 
this type must of necessity be outdated 
even before the manuscript reaches the 
publisher. Degens has not only accepted 
the challenge but has met it with a book 
that is of value not only to the specialist 
but to anyone who wishes to become 
familiar with the problems and accom- 
plishments in sedimentary geochemistry. 
The treatment of each subject is neces- 
sarily brief; however, the author has 
included a remarkably complete selec- 
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tion of the spectrum of sedimentary geo- 
chemistry. This brevity spawns a certain 
amount of dogmatism, and a specialist in 
the geochemistry of clay minerals, car- 
bonates, evaporates, or hydrocarbons, 
for example, may not be satisfied with 
the choice of material or the emphasis 
given to a particular point of view in the 
chapter devoted to his specialty. The 
general treatment however is remark- 
ably good, and the book is far more than a 
recitation of the literature. The review of 
each subject is critical, and the clear 
statement of major problems shows 
refreshing insight in suggesting both 
problems and approaches for future 
research. The author has made a delib- 
erate attempt to synthesize ideas and to 
place conflicting data in perspective. A 
well-chosen bibliography for each chap- 
ter includes 1964 literature and offers the 
reader an entry into the important ideas 
and critical problems. 

A brief statement of general back- 
ground and a critical examination of 
problems, conclusions from previous 
investigations, and thoughts for future 
research form the pattern of each sub- 
ject. Such a book should serve a real 
purpose as an excellent supplementary 
text in any course in sedimentation or 
geochemistry. In addition it should be of 
value to the reader who wants a critical 
review of sedimentary geochemistry. 
However, its uniqueness and its greatest 
value lie in giving general background, 
ideas, research leads, and an introduc- 
tory literature to anyone contemplating 
research on a problem in sedimentary 
geochemistry. As such, it cannot but 
stimulate graduate students and re- 
searchers in the subspecialties of sedi- 
mentary geochemistry or peripheral 
fields. 

'The author offers an apology in his 
preface for a '"'"Teutonic-flavor." The 
crisp, easy style of the text makes this 
warning unnecessary. The book is a 
pleasure to read. Indeed, more geologic 
writing should be done with such a 
""T'eutonic-flavor."—. C. Murray 


J. J. Thomson & the Cavendish Labora- 
tory in His Day by G. THomson; 186 
pages; $4.95; Doubleday & Co., 1965. 
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are written by their relatives. Often 
‘these are sentimental surveys of what 
might-have-been or shallow, misin- 
formed works. Happily, this book is 
neither. Sir Georg Thomson has pro- 
duced a concise and pleasing biography 
of his father. The author has intended 
this book for a youthful audience but his 
easy style and his insight into the 
physical problems of his father’s day 
should make this interesting also for 
those with more than a “popular” 
knowledge of physics. 

As an introduction to the half-century 
of physical researches after 1890, 
Thomson has included a good chapter on 
the evolution of concepts of electric 
current and of field theory in the nine- 
teenth century. J. J. Thomson’s re- 
searches in physics form the core of this 
book. The author traces J. J.'s career 
from his early studies on vortex rings 
and moving tubes of force, to investiga- 

_ tions on the discharge and conductivity 
of gases, the measurements of the velo- 
cities and specific charge of cathode ray 
particles and the later work with posi- 
tive rays and non-radioactive isotopes. 
For a century, the atom had seemed to 
be the smallest unit of matter; J. J. 
Thomson’s discovery of a smaller com- 
ponent, the electron, posed new prob- 
lems in the theories of matter and 
chemical combination. The Cavendish 
Laboratory investigations of these prob- 
lems are discussed in some detail. 

Though one is informed of J. J.’s 
personal life and his administrative 
activities, the author never hobbles the 
story with overemphasis of these as- 
pects. As with other volumes in the 
series “British Men of Science," this 
book can be recommended.—C. S. 
Gillmor 


The Future of Fuel Technology, edited by 
G. N. CnrreHuugvy; 237 pages; $10; 
The Macmillan Co., Pergamon, 1964. 


This short volume is the proceedings 
of a conference held in Amsterdam in 
1963 by the Institute of Fuel. The title is 
misleading in that very little about the 
future is discussed. Most articles deal 
with the current activities of various 
government establishments in Western 
Europe. These activities appear to this 
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reviewer to be concerned with develop- 
mental and present day problems. One 
would have hoped to find more on the 
use of combustion processes for mag- 
netohydrodynamic generation of elec- 
irieity, possibility of various fuel proc- 
essing systems for fuel cells, the use of 
natural gas in aircraft gas turbines for 
"topping" electrical and remote power. 

Perhaps the engineer working in the 
industrial energy field will find the book 
of value in acquainting him with Euro- 
pean activities.—]. Glassman 


Elements of Cloud Physics by H. R. 
Byers; 191 pages; $7.50; University of 
Chicago Press, 1965. 


Dr. Byers has done a fine job of pre- 
senting the classical thermodynamics 
and physics essential to an understand- 
ing of the physics of clouds. This was his 
stated purpose, and for the most part he 
resisted the temptation to include a 
great deal of recent experimental and 
theoretical work which would be quickly 
outdated by the rapid development of 
this field and which can best be covered 
in current periodical literature. Where 
he does refer to recent work he has been 
conservative and cautious in his selec- 
tion. The student of cloud physics who 
uses this book will have it made quite 
clear that there are a great number of 
variables whose roles in the development 
of precipitation are as yet not in sharp 
focus. 

It is perhaps unfortunate that the 
author chose not to integrate the use of 
radar in cloud physics into his chapter 
on precipitation growth and cloud dy- 
namics and, except for its possible role in 
coalescence drops, atmospheric electri- 
city has been omitted. Granted there are 
books treating these subjects, as the 
author states but, at the same time, I 
feel more could have been done to tempt 
the students to refer to them. 

I would like to have seen the author 
wax philosophical in an additional short 
chapter and put cloud physics into 
perspective. I can think of no one whose 
background better qualifies him to do 
this than Dr. Byers. The prospective 
student is caught between a synoptic 
and dynamic meteorological profession 
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which ignores cloud physics and some 
cloud physicists (not the author) who 
ignore the dynamicists and are too prone 
to feel the microphysics of clouds is all- 
controlling. 

The student who masters the material 
in this book is ready to move into the 
literature to fend for himself. I would 
strongly recommend it as required read- 
ing for any upper-class undergraduate or 
graduate student in physical meteorol- 
ogy or cloud physics—Charles L. 
Hosler 


Closed Systems & Open Minds: The 
Limits of Naivety in Social Anthro- 
pology, edited by M. GLUCKMAN; 
$7.95; Aldine Publishing Company, 
1965. 


This is a collection of essays directed 
to British social anthropologists, by 
eight social seientists associated at one 
time with the University of Manchester. 
Dealing with such diverse matters as 
intereaste confliet in Indian Villages 
(Bailey), mobility and class in a Scottish 
mining area (Watson), aspects of pu- 
berty rites in Northern Rhodesia 
(Turner), social structure of new towns 
in the Rhodesian copper belt (Epstein), 
and behavior within British clothing and 
engineering factories (Lupton and Cun- 
nison), the essays and the long inter- 
pretative conclusion by Max Gluckman 
and Ely Devons attempt to define the 
field of social anthropological inquiry 
and to suggest the procedures by which 
anthropologists may make use of the 
data and approaches of other disciplines. 
They say that in incorporating material 
from such tangential sciences as psy- 
chology, economics, political science, 
sociology, and “cultural” anthropology, 
the social anthropologist may be, indeed 
ought to be, intentionally naive, partic- 
ularly where the tangential findings are 
irrelevant to his inquiry. For example, in 
the anthropological study of circumci- 
sion rites, it makes little difference 
whether the Freudian explanation that 
these rites relate to castration or that of 
Bettleheim that they represent womb 
envy (or both or neither) is in fact cor- 
rect. Since his interest is in the social 
field, the anthropologist can afford to 
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assume a naive conception of personality 
“and its processes. 

The essays themselves are interesting 
and Turner’s analysis of ritual symbo- 
lism among the Ndembu is brilliant. The 
argument of the conclusion, however, is 
overstated, unéonvincing where it is not 
truistic (“. ..a social or human scientist 
may profit by studying disciplines other 
than his own. It is dangerous to practice 
them without training and appropriate 
skills” p. 261), and occasionally incon- 
sistent. Few would argue that the re- 
searcher ought to venture beyond the 
limits of his competence. But neither 
must we decide that the traditional dis- 
ciplinary boundaries forever delimit 
inquiry, and that he who violates them 
does so in necessary peril.—Michael M. 
Horowitz 


Human Motivation: A Symposium, ed- 
ited by M. R. Jonus; 87 pages; $4.25; 
University of Nebraska Press, 1965. 


This little book contains the revised 
papers presented at a symposium on 
human motivation during the XVIIth 
International Congress of Psychology in 
1963. Brief critical comments by two 
discussants accompany each of the four 
papers. The reviewer found the book to 
have little value, either to the general 
reader or to the interested specialist: its 
presentations are too concise and tech- 
nical to serve as a useful introductory 
survey, and there is little for the special- 
ist in the way of new ideas, new data, or 
clarification of the rather confused state 
of much thinking about motivation. 

John W. Atkinson (University of 
Michigan) reviews his well-known work 
on achievement motivation which in- 
volves an integration of the motive itself 
(conceived as a stable trait) with expec- 
tations concerning the effects of action 
and the incentive values of the effects. 
He has some interesting things to say 
about the law of effect and anxiety, and 

` I found this the most rewarding paper in 
the collection, despite agreement with 
Ingmar Dureman (Uppsala University) 
that there are psychometric difficulties 
in the measurement of. achievement 
motivation, Abraham H. Maslow 
(Brandeis University) attempts to show 
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that love and curiosity are basie (instine- 
toid) needs, like needs for vitamins, 
whose satisfaction is essential to psy- 
chological well-being. Unfortunately, 
Maslow presents little evidence. K. B. 
Madsen (Royal Danish College of 
Education, Copenhagen) surveys theo- 
ries of motivation and attempts a synthe- 
sis. Neither discussant (Dureman and 
Marshall R. Jones, of the University of 
Miami, Florida) is pleased with Mad- 
sen’s synthesis, and I share their disen- 
chantment. Janusz Reykowski (Univer- 
sity of Warsaw) presents a complex 
experiment, the results of which he 
believes show that motivational con- 
cepts are insufficient, alone, to account 
for behavior. 

The discussants are critical of these 
papers and their criticisms are well- 
taken.—Charles N. Cofer 


Geohydrology by R. J. M. De Wiest; 366 
pages; $10.50; John Wiley & Sons, 
1965. i 
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This text.gives the student an outline 
of nearly all the basic concepts of the 
movement of water underground, devel- 
oped as rigorously as possible in an 
introductory text. Because of the broad 
scope the author has assigned himself, 
most of the topics are considered only 
briefly; the student will probably want 
to avail himself of a very good list of 
references to clarify entirely some of the 
concepts. 

The present text is to be followed by 
another called “Hydrogeology.” Con- 
fusion is bound to arise as no two refer- 
ences are likely to agree on the distinc- 
tion between the words. The present 
volume deals with the more deductive 
phase of ground-water study; it treats of 
the mathematical models developed on 
the assumption of the homogeneous 
aquifer and, in brief manner, of the 
physical principles involved. The second 
volume will treat the geological and 
chemical aspects of ground-water study 
and methods of exploration. 

Nearly one-third of the present text is 
given to a discussion of surfacé-water 
features; unit hydrographs, flood rout- 
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ing, maximum floods, and other statisti- 
cal phases of surface flow are briefly 
treated. The section on ground water 
develops the classical mathematical 
theory of ground-water movement 
through the theory of the leaky aquifer, 
and also includes brief treatments of the 
movement of immiscible fluids, as in oil 
fields, and of miscible fluids, as involved 
in problems of salt-water encroachment. 
Phenomena of dispersion and of osmotic 
and electrical forces as causes of ground- 
water movement are briefly considered. 
Some typographical errors and a few 
places where Professor De Wiest’s 
linguistic abilities have led to expres- 
sions not quite in the English idiom, are 
found. All in all the text is probably 
about the most satisfying introductory 
treatment in English of the fundamental 
quantitative concepts of ground-water 
movement.—Charles V. Theis 


Theory and Practice in Experimental 
Bacteriology by Q. G. MEYNELL & E. 
MENELL; 288 pages; $9.50; Cam- 
bridge University Press, 1965. 


One occasionally hears or reads of a 
complaint that the present day college 
graduate with some course work in 
bacteriology has no concept of how to 
make media, measure bacteria, effect 
proper sterilization, etc. Although these 
graduates may have a good grasp on the 
latest information of the mode of action 
of antimicrobial agents, carbohydrate 
metabolism, the structure of DNA and 
protein synthesis, they are at a loss for 
the rudiments of the “bread and butter," 
day-to-day, work of the laboratory. 

For all who have raised such a com- 
plaint, this book should be placed within 
arms’ reach, to be commended as neces- 
sary reading to the new employee before 
he is even shown the bench where he will 
be doing bacteriological work. 

One might best describe this publica- 
tion as “The Methods of Basic General 
Bacteriology, Brought Up-To-Date.” It 
is clearly the old classical treatment of 
laboratory fundamentals, but with the 
refinements and apparatus of today’s 
laboratory. Also, considerable space is 
given to the basic mathematics of 
bacterial growth and the statistical 
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determination of M.P.N. and ED50. 

` This will make a fine reference source for 
a course in general bacteriology or a text 
for a course concerned with a technical 
training program. The information found 
in this volume is primarily that which one 
would seek in any of the “Standard 
Methods” volumes, but written in a text 
book style. i 

This volume has been organized by 
the authors into seven chapters: 1. 
Measurement of Bacterial Mass and 
Number, 2. Bacteriological Culture 
Media, 3. Oxygen, Carbon Dioxide and 
Anaerobiosis, 4. Sterilization, 5. Exami- 
nation of Bacteria by Microscopy, 6. 
Quantitative Aspects of Microbiological 
Experiments, and 7. Miscellaneous 
Techniques. 

The first six chapters represent fairly 
thorough presentations of the basic 
methods of interest while the last chap- 
ter does not have this quality and the 
few techniques presented here would 
have been better presented elsewhere in 
the volume.—Bernard W. Koft 


The Elements of Stochastic Processes with 
Applications to the Natural Sciences by 
N. T. J. Barmy; 249 pages; $7.95; 
John Wiley & Sons, 1964. 


Like probability theory, the theory of 
Stochastic processes has the feature that 
many of its most elementary theorems 
are based on rather deep mathematics 
while many of its most advanced 
theorems are known and understood by 
research *workers who do not have the 
mathematical background to understand 
the proofs. Bailey's clearly and carefully 
written book is an introduction to 
Stochastic processes for scientists 
(mainly biologists since there are few 
applications to physies or chemistry) 
wanting a brief and readable survey of 
what can be done with stochastic proc- 
esses. It may not be useful as a text in a 
mathematics course which aims to prove 
most of the theorems stated. 

The book presupposes a basic knowl- 
edge of probability, complex variables, 
matrices, and differential equations. The 
topics covered are best indicated by the 
chapter headings: Generating Functions, 
Recurrent Events, Random Walk Mod- 
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els, Markov Chains, Discrete Branching 
Processes, Markov Processes in Con- 
tinuous Time, Homogeneous Birth and 
Death Processes, Some Non-homogene- 
ous Processes, Multidimensional Proc- 
esses, Queueing Processes, Epidemic 
Processes, Competition and Predation, 
Diffusion Processes, Approximations to 
Stochastic Processes, Some Non-Marko- 
vian Processes. 

The style of the book is heuristic and 
discursive rather than rigorous and 
systematic. Researchers seeking a model 
they might fit to their own data will find 
the book very incomplete. Readers 
beginning to learn about stochastic 
processes will find the book a wise in- 
vestment.—Emanuel Parzen 


Metalorganic Polymers by K. A. ANDRI- 
ANOV; 371 pages; $12.75; John Wiley 
& Sons, Interscience, 1965. 


In their introduction to this transla- 
tion the editors point out that much of 
Professor Andrianov’s work has been 
discussed recently in other books but 
express the hope “that polymer chemists 
will want to have available this compre- 
hensive and authoritative monograph by 
Professor Andrianov himself.” Such a 
purpose is laudable, and we are here 
offered a discussion which presents the 
background for many of the studies 
reported from Professor Andrianov’s 
laboratories. It seems to the present 
reviewer, however, that the title and 
dust jacket are somewhat misleading 
insofar as the actual content of the book 
is concerned. Over two-thirds of it is 
devoted to a thorough discussion of the 
siloxanes, polymers about which Pro- 
fessor Andrianov is well qualified to write 
but hardly “metalorganic polymers" in 
the usual sense. The metal-containing 
siloxanes developed by Professor Andri- 
anov which have been so widely publi- 
cized are not treated in as great detail. It 
is interesting to note that approximately 
one-third of the references are to 
patents. Nevertheless, much emphasis is 
placed on paths of reactions and char- 
acterization of products. 

There are occasional misprints and 
awkward spots in the translation, but 
none are misleading if one takes care in 
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his reading. Several typographical errors 
were noted in the bibliography. The 
Russian version appeared in 1962, and 
fewer than ten per cent of the references 
are from 1960 or later. It is unfortunate 
that the translation and publication of 
this volume took almost three years, 
particularly since a less polished transla- 
tion has been available from OTS for 
over two years. 

If one is not overly concerned with 


timeliness and reads carefully, this book | | 


is worthwhile. A subject index would 
have added much to its usefulness and 
made it more attractive to the individual 
interested in specific reactions.—B. P. 
Block 


Markov Processes by E. B. DYNKIN, 
translated by J. Fabius, et al., 2 vols.; 
639 pages; $12 each or $24 the set; 
Academic Press, 1965. 


This is a most welcome translation of 
the Russian original which appeared in 
1962. The translation was prepared by a 
group of mathematicians at the Univer- 
sity of California at Berkeley, and has 
been fully revised by the author. Its 
smooth reading, allied to the excellence 
of the printing, contributes to the suc- 
cess of this edition. 

The book is devoted to a systematic 
exposition of the modern theory of 
Markov processes, which can be 
thought, intuitively speaking, as phe- 
nomenons changing with time according 
to a certain stochastic rule and admitting 
the possibility of a complete stop. Also 
are presented various theories which 
bear intimate relations with Markov 
processes and, in most cases, have been 
developed to provide tools and tech- 
niques for the study of these processes. 
Various connections between Markov 
processes and classical analysis have 
been discovered recently, making the 
study of these processes fruitful to 
analysis, besides its importance in the 
theory of probability. Markov processes, 
known since a long time to have inti- 
mate connections with differential equa- 
tions, have an appreciable record of 
influence in the development of the 
theory of elliptic and parabolic differen- 
tial equations and potential theory. All 
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these aspects are treated in this book, 
which does not presuppose previous 
knowledge of the subject. Acquaintance 
with the author’s monograph “Founda- 
tions of the Theory of Markov processes” 
(Moscow, 1959; German translation by 
Springer-Verlag, 1961, in this same 
series, Die Grundlehren.... Band 108; 
English translation as Theory of Markov 
Processes, Prentice-Hall, 1961) is help- 
ful, but not required. For the conven- 
ience of the reader, an Appendix is pro- 
vided, summarizing results of measure 
theory, probability theory, and the 
theory of differential equations, with 
references to literature mostly in Eng- 
lish. 

As the author says in the Preface, the 
seventeen chapters of the book can be 
grouped in five parts: (i) general theory 
of homogeneous Markov processes, 
where Markov processes are defined and 
its infinitesimal and characteristic oper- 
ators are studied. (ii) additive func- 
tionals and transformations of Markov 
processes; in this part the theory of 
stochastic integrals and stochastic in- 
tegral equations are studied. (iii) where 
harmonic and superharmonic functions 
related to a Markov process are studied, 
as well as certain applications to the 
theory of differential equations and 
probabilistic solutions of certain equa- 
tions are given. (iv) the n-dimensional 
Wiener process and its transformations. 
(v) one-dimensional continuous strong 
Markov processes. 

An Introduction, based on the lecture 
delivered*by the author at the Interna- 
tional Congress of Mathematicians, 
Stockholm, 1962, provides a clear and 
broad picture of the subject. Also are 
given an  Historical-Bibliographical 
Note, with references to the literature 
for the results treated in each chapter 
and for related questions, a final Addi- 
tional Remarks, referring to areas of the 
theory of Markov processes not treated 
in the text, and a Bibliography of 185 
titles. All these features make this book, 
besides being an excellent text, a valu- 
able help for the investigator.—U. 
I? Ambrosio. 
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Introduction io Paleoecology by R. F. 
Hecker, translated and edited by M. 
K. Erns & R. C. Moors; 166 pages; 
$7.50; American Elsevier Publishing 
Co., 1965. 


In much American geologic literature 
the term “paleoecology’” has encom- 
passed a plethora of sins. Recognition of 
subdivisions in the environmental his- 
tory of a fossil organism, clear definition 
of the subphases, and use of distinct 
terms to point out historical differences 
should help erystallize thought on this 
complex subject. The Russian geologist 
Hecker, through Professors Elias and 
Moore, has given all English-speaking 
geologists a start along this necessary 
path. For the first time in an English 
language text or reference book, the 
terms paleoecology, biostratinomy, and 
taphonomy are consistently and logi- 
cally used throughout this work; Pro- 
fessors Elias and Moore have clarified 
certain definitions in editorial footnotes. 
The following definitions emerge from 
the work of Hecker and the writings of 
A. H. Müller: study of the environ- 
mental history of a fossil organism in- 
volves three disciplines—paleoecology, 
biostratinomy, and diagenetic studies 
(^Fossildiagenese").  Paleoecology fo- 
cuses upon interrelationships which 
occurred, in the geologic past, between 
living organisms and biotic and physico- 
chemical elements in their extrinsic 
environment. Biostratinomy explores 
pre- and synburial interrelations be- 
tween dead organisms and components 
of their external environment. Dia- 
genetic studies unravel the post-entomb- 
ment history of organic remains. Bio- 
stratinomic and diagenetic studies are 
combined under the term taphonomy. 
These fields supply data to, and derive 
information from, the broader spectrum 
of. environmental geology. 

The book contains five thought-units 
divided among seven chapters and 
various subchapters. A short history of 
paleoecology emphasizes early contribu- 
tions of Russian workers. Four sub- 
chapters relate paleoecology to other 
paleobiologic endeavors (taphonomy, 
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paleobiogeography, and evolutionary 
studies) and provide the necessary yet 
burdensome terminology. A subsequent 
part relates paleoecology to more gen- 
eral geologic problems while pointing out 
that paleoecology is sterile if not com- 
bined with other geologic studies. Two 
lengthy units describe field methods and 
the visual presentation of data. 

The book sorely needs an editorial 
preface and certain editorial refine- 
ments. In my opinion, all footnotes are 
attributable to the editors, but this fact 
is not tangibly evident in the work. 
Editorial comment within the text (see 
p. 85) detracts from the verity of the 
translation. 

Dismissing these minor points, this 
book should occupy an important place 
in the history of paleoecologie thought. 
Paleoecologists today are faced with 
many interesting and pregnant ques- 
tions: What is paleoecology? What 
exactly does a paleoecologist do? How 
are paleoecologic reconstructions made? 
Are there any natural subdivisions of 
paleoecologic work? What steps are 
necessary for the dynamic growth of 
paleoecologic work? What steps are 
necessary for the dynamic growth of 
paleoecology? Hecker’s work begins to 
unravel the working methods of paleo- 
ecologists and provides sound termino- 
logic bases for further studies. Profes- 
sors Elias and Moore, the American 
Geological Institute, and the National 
Science Foundation deserve hearty 
thanks for making this book available in 
the English language.—David R. Law- 
Tence 


The Biosynthesis of Steroids, Terpenes 
& Acetogenins by J. H. RICHARDS & 
J. B. HENDRICKSON; 416 pages; $18.50 
W. A. Benjamin, Inc., 1964. 


Certainly one of the most important 
concepts ever developed during the 
Studies on natural products is the recog- 
nition of the isoprene unit by Ruzicka. 
Subsequent theoretical consideration on 
the biogenesis of the cyclic triterpenes 
and sterols by the Zurich group clarified 
the mysterious mode of formation of 
these structurally related compounds, 
and similar theoretical treatment was 
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successfully applied by one of the pres- 
ent authors to account for the biogenesis 
of the various simpler cyclic terpenes. In 
the meantime, Birch revived the earlier 
suggestion of Collie and formulated the 
acetate hypothesis to rationalize the 
biogenesis of another large group of 
compounds, particularly aromatic ones, 
whose structures bear little apparent 
relationship to acetate or its well known 
derivative, the fatty acids. Both the 
isoprene rule and the acetate hypothesis 
have been verified by more recent bio- 
chemical and chemical investigations. 
This treatise consists of a full discussion 
of the recent development and refine- 
ment of these two fruitful concepts, 
including the key roles of acetyl-coen- 
zyme A, propionyl-coenzyme A, mal- 
onyl-coenzyme A, mevalonic acid, iso- 
pentenylpyrophosphate and dimethyl- 
allylpyrophosphate. It correlates the 
vast body of knowledge on the structure 
of natural products, the considerable 
amount of information in the labelling 
pattern of these compounds with the 
recent rapid elucidation of the enzy- 
matic reactions involved. It is indeed a 
most timely, comprehensive, and au- 
thoritative review.—T. T. Tchen 


Principles of General Thermodynamics by 
G. N. Harsoroutos & J. H. KEENAN; 
814 pages; $15.00; John Wiley & 
Sons, 1965. 


This weighty (2 Ib. 12 oz.) tome is as 
complete an engineering thermodynam- 
ics text and reference as one could hope 
for. All of the usual topics concerning 
heat engine cycles, gas laws and chemi- 
cal solutions are thoroughly covered. 
The special features of this book are 
collected in a second section covering the 
use of a single postulate (rather than 
three or four) to deduce classical ther- 
modynamics, the interpretation of “neg- 
ative temperature,” thermodynamics of 
plasmas, an introduction to statistical 
mechanics, and a fine explanation of the 
authors’ special area of research in direct 
thermoelectric energy conversion. 

Hatsopoulos and Keenan carefully 
discuss the work of Szilard, Mandelbrot, 
et al., to unify statistical mechanics with 
classical thermodynamics. The authors 
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also present their candidate for the 
axiomatic development of classical ther- 
modynamies: a single “Law of Stable 
Equilibrium,” i.e., A system having spec- 
ified allowed states and an upper bound in 
volume can reach, from any given state, 
one, and only one, stable state and leave no 
net effect on its environment. The need for 
such a reformation may be argued pro 
and con, but the efforts of the authors in 
this area are most ingenious and will be 
very stimulating to the teacher and the 
superior student. The treatment of 
statistical mechanics of ensembles com- 
plements the axiomatic treatment in 
completelness and clarity. 

The careful scholarship, penetrating 
discussions, numerous problems (with 
solutions), attention to clarity in sym- 
bology and terminology, and an excel- 
lent index make this text one which will 
have wide use for many years.—Richard 
C. Levine 


Quantum Physics of Electronics by S. 
N. Levine; 3801 pages; $8.95; The 
Macmillan Company, 1965. 


Professor Levine (not related to the 
reviewer) has written a lucid and com- 
pact survey of Quantum Mechanics and 
its applications in electronic devices, 
such as thermionic and field emission, 
thermoelectric energy conversion, ma- 
sers, and lasers. Directed, as it is, toward 
the applied physicist and electrical 
engineer, it will certainly find wide use as 
a senior honors course or graduate level 
textbook. The reader must possess a 
good background in Quantum Mechan- 
ics, since the first two chapters of the 
book are very concise and serve mainly 
as a review. Dirac bracket notation is 
introduced, but it is used very sparingly, 
or with alternate notations, in the 
remainder of the text. Students familiar 
with the usual Schrédinger notation can 
use most of the book without difficulty. 

A concise derivation of thermal energy 
distribution functions by the Lagrange 
multiplier method leads to electron 
theory of metals and thermionic and 
field emission. The one dimensional 
Kronig-Penny periodic square-well po- 
tential problem is solved to exhibit the 
energy bands in a semiconductor. Doped 
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semiconduetors, thermoelectric effects 
and Hall effect devices are also treated. 
Spontaneous and induced energy level 
transitions and the maser and laser are 
covered in fair depth in the final chapter. 

An amazing number of topics are 
treated quite clearly in the relatively 
few pages. This can be partially ex- 
plained by the author’s laudable prefer- 
ence for the short, easily grasped exam- 
ple over the tedious belaboring of a topic 
in all its minute detail; e.g., the brief 
treatments of perturbation theory, 
energy bonds in solids, and spontaneous 
transitions. However, in using some of 
the sections, notably thermionic emis- 
sion, crystal structure, irreversible ther- 
modynamies, and the problems provided 
after each chapter, the teacher may feel 
the need to supplement this texb with 
outside reading. 

One personal reservation of the re- 
viewer is very minor. He would like to 
eliminate the solid polar plots of proba- 
bility density which are so often used to 
represent atomic orbitals (in this book, 
p. 53). These pictures are usually con- 
fused in the students’ minds with the 
true spatial density, as shown by, e.g., 
H. E. White, Introduction to Atomic 
Spectra, pp. 71 and 146.—Richard C. 
Levine 


The Solar System & the Constellations 
by C. N. ANDERSON; 312 pages; $8.50; 
Vantage Press, 1964. 


This large volume is a book for the 
amateur astronomer containing much 
interesting information about the con- 
stellations and a miscellaneous collection 
of other astronomical facts. A half page 
or so describes each constellation, giving 
its mythological origin, the meanings of 
the names of the brightest stars, and 
interesting facts about the variable 
stars, clusters, and nebulae that can be 
found there. Many fine photographs 
illustrate several of these objects, and 
perhaps the book is worth buying for the 
pictures alone. However, the amateur 
should not be misled into thinking that 
his telescope will show the same magnifi- 
cent views. The book will not be much 
help in finding the constellations in the 
sky, for no information is given on how 
to use the star charts, and in fact there is 
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.not even a key giving the magnitudes 
associated with the various size star 
symbols. The book is thus not very 
valuable as an atlas. 

There are also sections describing the 
objects in the solar system; a moon map 
with an index of 502 surface features 
giving their location, a brief description, 
and the origin of the name; a somewhat 
incomplete biographical list of astrono- 
mers up to the time of Barnard; and a 
few pages on stellar spectra and variable 
stars. It seems strange that only these 
two topics should be included out of the 
galactic astronomy. Some of the text 
sections require a fair amount of previ- 
ous knowledge, but the constellation 
descriptions are perfectly readable by 
anyone.—John E. Gaustad 


Conodonis by M. LiNpsTRÓM; 196 pages; 
$10; Elsevier Publishing Company, 
1964. 


The paradox of this book is that it has 
been long overdue; yet publieation of a 
book on conodonts a few years ago would 
have been presumptuous. For no other 
group of microfossils has taxed the 
imagination of  micropaleontologists 
more than these tooth-like calcium 
phosphatic forms, yet few have yielded 
their secrets so unwillingly. According to 
the author, up to 1960 there were about 
1100 papers published dealing with 
conodonts. This is the first book that 
presents the results of research on this 
stratigraphically important group of 
fossils in a systematic manner. 

The information is presented in 11 
well-organized chapters in which the 
author—a Swede—displays a remarka- 
ble facility with the English language. 
The first six chapters are primarily 
descriptive and deal with the history of 
research, morphology, and structure, 
faunal succession, occurrence, and nat- 
ural assemblages. The remaining five 
chapters are largely analytical. 

In chapter 10 Lindstrém deals with 
the nature of these controversial fossils. 
He reviews the fish and annelid hy- 
potheses and rejects them as unsatis- 
factory. He also discusses and rejects 
the radula, copulating spicule, arthro- 
pod, algal and Archaeognathus hypoth- 
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eses as inadequate. He agrees that 
conodonts were embedded in tissues of 
some sort; they were internal and not 
external in position. The following 
points are made: 1) conodonts were 
free-swimming, not benthonic; 2) the 
animal was bilaterally symmetrical for 
the most part; some forms may have 
been asymmetric, however. The ques- 
tion of complete asymmetry in some 
instances raises the question as to 
whether all conodont bearers swam 
about actively or whether some might 
not have floated passively in colonies; 
3) passive protection was probably not 
their main function; 4) the morphology 
of conodonts was probably directly 
related to that of the supported organs. 
Lindstróm attempts to reconstruct a 
conodont as a unit serving to keep the 
food-gathering mechanism extended. 
The organism is conceived of as a 
plankton feeder, tentacled, ciliated, and 
somewhat similar to a lophophore. The 
greater part of the animal was soft 
organic tissue; in the frontal part an 
opening (leading inward to a mouth 
which in turn opened into an alimen- 
tary canal) to the interior allowed water 
to circulate to and from the feeding 
apparatus. 

This book presents an authoritative 
and highly readable account of the 
enigmatic conodonts whose zoological 
affinities are still the subject of con- 
siderable controversy. For those who 
try to present a balanced course in 
micropaleontology and those engaged 
in research or applied studies on cono- 
donts this book will fulfill a long felt 
need.—W. A. Berggren 


Biological Rhythm Research by A. Sort- 
BERGER; 461 pages; $25; American 
Elsevier Publishing Co., 1965. 


This book is not a critical essay on 
biological rhythm research, but is rather 
the first encyclopedia of the field. There 
can be little room for critical evaluation 
when mention is made of practically 
every aspect of the biological and non- 
biological sciences where the words 
“oscillation,” “periodic” and “rhyth- 
mie" are used. In this connection, the 
bibliography lists 3200 references, and 
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comprises 25% of the book. Up to 240 
references per page are given, and the 
average is about 30. 

The logic behind this bibliographic 
approach is suggested by Dr. Soll- 
berger’s “distress” at the “. . number of 
theoretical models which have been ad- 
vanced to explain the behavior of biologi- 
cal rhythms". He continues, “Actually, 
we know yet much too little about the 
biological rhythm for excessive model 
making. What is needed is more experi- 
ments and more methods of analysis of 
experimental data". Many biologists 
would take issue with this view of ex- 
perimental science. For it is surely 


through models, not numbers and let- |j 


ters, that the experimentalist should 
organize what is known, and choose 


from the infinite number of possible |f 
experiments those which test his con-| j 


ception of how a biological mechanism 
works. 


In spite of the diversity of subjects 


mentioned, the organization of the text 
is clear, each chapter being subdivided 


into numbered and titled paragraphs | iM 


which are listed in the table of contents. 
One can immediately locate some area 
of interest, and find a more or less topi- 
cal account with references. This use 
alone may justify the price.— William P. 
Zimmerman 


Regional Geomorphology of the United 
States by W. D. Tsornspury; 609 
pages; $14.75; John Wiley & Sons, 
1965. 


In the quarter of a century since the 
last book on physiography of the 
United States appeared, our under- 
standing of the country has increased 
notably. This book covers in one volume 
the area that Fenneman covered in two, 
and adds Alaska, Hawaii, and the 
Continental Shelf. There is no attempt 
to change regional divisions nor basic 
philosophy. The author is concerned 
mainly in bringing the teaching of 
regional geomorphology up-to-date. 

Thornbury follows Fenneman in his 
orderly approach from east coast to 
west coast, but the style of writing is 
completely different. Thornbury gives 
general physiographic coverage to each 
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area in non-technical style, before pre- 
senting the geomorphology. Where 
various investigators have come to 
different conclusions, Thornbury is 
likely to review all of the more im- 
portant opinions, even to the extent of 
tabulating conflicting findings. He is 
scrupulous in trying to present opposing 
views without prejudice. The result is an 
interesting text, covering what is 
known, and leading the student toward 
problems still to be solved. 

The illustrations are excellent. There 
are abundant sketches, physiographic 
diagrams, detail maps, and photo- 
graphs. Especially good are the airplane 
photos. 

Thornbury sticks to his subject with 
Jaudable single-mindedness. Neither cli- 
mate nor vegetation nor the works of 
man are allowed to divert attention 
from the land itself. 

This book should replace all previous 
texts in physiography or geomorphology 
of the United States,—Winnifred V. 
Fischer i 
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Function & Structure in Micro-organism, 
edited by M. R. Porzock & M. H. 
Ricamonp; 405 pages; $13.50. Cam- 
bridge University Press, 1965. 


This volume contains the papers of 
the Fifteenth Symposium of the Society 
for General Microbiology held at the 
Middlesex Hospital, London, in April 
1965. Like its predecessors, it not only 
updates the work in a specified area but 
offers interpretations of the results by 
leaders in each field. This symposium is 
concerned with function and structure 
in micro-organisms and attempts to 
answer questions about the correlation 
of their intricate structures with the 
functions they perform, the extent to 
which these relations can be interpreted 
in physical and chemical terms, and the 
mechanism by which the component 
parts are co-ordinated to form the whole. 
In his introduction, the late Donald 
Woods aptly compares the work of 
Antony van Leeuwenhoek with that of 
Sir Christopher Wren and the work of 
the biochemical microbiologist with that 
of the architect. 

The book is divided into four parts: 
The Supply of Energy and Metabolites, 
with papers by Kornberg, Lascelles, 
Britten, Holter, and Lampen; the 
Coordinated Biosynthesis of Macro- 
molecules, with papers by McQuillen, 
Stacey, and Rogers; Processes and 
Organs of Locomotion, with papers by 
Newton and Kerridge, Burge and 
Holwill, and Wolpert; and Differentia- 
tion in Development, Heredity and 
Survival, with papers by Hayes, Sager, 
Halvorson, Fitz-James, and Mazia. 
These names, familiar to microbiolo- 
gists, are the assurance of the quality 
of each chapter which is amply docu- 
mented with references through 1964. 
Even though the reader may not agree 
with all the conclusions (and of what use 
would be the book if he did?) the dis- 
cussions are logical and thought-provok- 
ing. 

This book is well-written, interesting, 
and informative. The plates are well- 
reproduced but, following the format of 
the Journal of General Microbiology, 
they are inserted at the chapter ends and 
the explanations are grouped together 


on @ separate page. This arrangement 
is inconvenient and requires consider- 
able page-turning and back-tracking. 
As a discipline, microbiology is in a 
sort of twilight zone. It impinges on 
other fields and is not sharply defined. 
Nevertheless, substantial progress has 
been made and the next decade promises 
even greater advances. These symposia 
are making vital contributions and this 
volume is a worthy companion to its 
predecessors. It deserves a prominent 
spot on the bookshelf of the thinking 
mierobiologist.—David B. Sabine 


Friedel-Crafts & Related Reactions, Vol. 
III, Parts I & II: Acylation & Re- 
lated Reactions, edited by G. A. 
Oran; 1606 pages; $60, the set of 2 
parts; John Wiley & Sons, Inter- 
science, 1964. 


This volume of 1600 pages provides 
sixteen chapters by nineteen authors. 
It contains a vast amount of informa- 
tion, much of it conveniently presented 
in. tables which, with their literature 
references, provide ready access to what 
has been done; an invaluable contribu- 
tion, Unfortunately, the volume gives 
insufficient warning that, since many of 
the reactions were effected in hetero- 
geneous systems, reproducibility is un- 
certain. Most of the preparative work 
was not directed in the light of the 
present incomplete understanding of the 
role of reaction conditions in determining 
products and yields: conditions more 
appropriate to required results could 
now be applied to many of the reactions 
reported in the literature. All too fre- 
quently, carbon  bisulphide, carbon 
tetrachloride, chloroform, hexane and 
suchlike compounds are referred to as 
solvents when, for most reaction mix- 
tures in Friedel-Crafts acylation, they 
are not. Thus acylation in boiling car- 
bon bisulphide usually means reaction 
was effected in a heterogeneous sludge 
at the temperature of the heating bath 
and under boiling carbon bisulphide. 
The importance of such considerations 
is illustrated by the caution given on 
line 10 of p. 1335: it ean be withdrawn, 
for Holt and Pagdin used a homogeneous 
reaction mixture at room temperature 
and in the absence of an excess of 
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- aluminum chloride, whereas Truce 
and co-workers used an excess of this 
réagent and the boiling carbon bi- 
sulphide technique which, not sur- 
prisingly, gave a different result. 

The chapters have not been written 
with equal authority and critical ap- 
preciation. Compare, for example, the 
comment on p. 1053 and lack of com- 
ment on p. 1289 concerning the claim 
that interaction of phosgene and pro- 
pene gives 6-chloroisobutyry] chloride. 
Different authors sometimes offer dif- 
ferent interpretations of the same reac- 
tion leaving the reader to choose wisely. 
Fortunately, the right choice is usually 
easy to make; for example, the con- 
tents of p. 1175 will not be preferred to 
those of p. 1086 and the formulated 
mechanism in the middle-of p. 401 will 
be preferred to that, by the same author, 
in the middle of p. 393. The volume con- 
tains numerous minor errors which can 
be eorrected by the careful reader; for 
example, he will probably reorient the 
bent arrows of formula (LIIT) on p. 
1097. On the other hand, errors of fact, 
for example, “Symmetrical tetrachloro- 
ethane forms a soluble complex with 
aluminum chloride’ (p. 547, 1. 16) 
may be more difficult to recognize. 
Most of the volume is sufficiently well 
written and free from error to be readily 
understood; there are passages, how- 
ever, which are difficult to comprehend: 
in illustration, the paragraph occupying 
the middle of p. 1568 provides an amus- 
ing problem in interpretation. 

This* volume, Acylation and Re- 
lated Reactions, includes aldehyde 
syntheses, sulphonylation, sulphona- 
tion, nitration, amination, perchloryla- 
tion and halogenation. More surpris- 
ingly, it is concerned also with the inter- 
action of carbon monoxide and alkylat- 
ing agent (see Chap. 39) and of hydrogen 
halide and olefin (see Chap. 46). The 
index at the end of the volume is use- 
ful.—G. Baddeley 


The Rational Use of Dyes in Biology & 
General Staining Methods by E. 
Gurr; 422 pages; $14.00; Williams 
& Wilkins Co., 1965. 


Much of the first 180 pages is de- 
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voted to theoretical considerations lead- 
ing to the presentation of a new scheme 
for the classification of the biologically 
important dyes now known. Hereto- 
fore, classification has been based on the 
configuration of the chromophoric 
group. It has, however, been universally 
recognized that dyes are either non- 
ionic (neutral), cationic (basic) or 
anionic (acidic). Dr. Gurr proposes that, 
as far as biological staining is con- 
cerned, one chromophore is essentially 
equivalent to another but that the ionic 
charge of the whole chromophore, the 
character of its various reactive side 
chains, and its molecular weight are the 
important factors which determine its 
staining properties. Knowing these facts 
about dyes should make it possible to 
predict with reasonable accuracy their 
staining reactions and interactions and 
thus to devise new staining methods on 
a rational rather than an empirical 
basis. In each of the 14 classes of dyes 
which he presents the dyes are listed in 
order of increasing molecular weight, 
but the basis of classification is the 
character of the side chains. Thus, in 
the non-ionic group there are three 
classes; those with acidic, those with 
basic, and those devoid of both acidic 
and basic side chains. In the cationic 
group there are two classes; those with 
only basic side chains and those with 
acidic side chains, as well. The anionic 
group, which comprises by far the great- 
est number of dyes, is divided into 
three sub-groups. The wholly acidic 
sub-group contains five classes on the 
basis of the presence of carboxyl and/or 
sulphate groups in combination with 
hydroxyl groups. The two amphoteric 
sub-groups have two classes each de- 
pending on the presence or absence of 
hydroxyl groups. The reviewer found 
this portion of the book informative and 
stimulating. It is believed that Gurr's 
classification will prove to be most use- 
ful to biologists in devising new staining 
procedures. 

Unfortunately, the practical por- 
tion of the book probably will not prove 
as useful as the theoretical. The present 
volume is called a companion to a 
previous work by the same author 
(Staining Animal Tissues, Practical & 


Theoretical). The earlier work presented 
practical staining methods for the ani- 
mal histologist, whereas the present one 
provides an impressive number of up- 
to-date staining methods applicable to 
general cytology, hematology, micro- 
biology, and botany. Each of these 
books is purported to be complete in 
itself. The present one is not entirely 
successful in this respect inasmuch as 
there are at least a dozen entries among 
the various methods that are so in- 
complete as to concentration and/or 
solvent that one must guess or refer to 
some other source. The eight pages de- 
voted to specimen syntheses of dyes 
would have been better occupied by 
completing the recipes—I believe that 
almost all biologists will leave the syn- 
thesis of dyes to dye chemists. The 
addition of page cross references in the 
staining methods would make some of 
them much easier to use. In the preface, 
Dr. Gurr states that, “...apart from 
the Publishers, no one but myself has 
seen the whole of this book prior to 
publication.” Perhaps if someone knowl- 
edgeable about staining procedures had 
seen it before publication the practical 
part would be as useful as I believe the 
theoretical part will prove to be.—REoy 
R. Peterson 


Adaptive Growth by R. J. Goss; 360 
pages; $12.00; Academic Press 
(Logos), 1964. 


In this book, Professor Goss concen- 
trates on one of the most important 
problems in animal growth—the mecha- 
nism which regulates organ-size. “ Adap- 
tive” is to be interpreted in the physio- 
logical, proximate sense, in fact, rather 
than in the evolutionary, ultimate 
sense. The author’s thesis is that after 
early embryogenesis, size-regulation is 
closely bound up with physiological 
adjustments,—the classical “functional 
demand” theory. 

Without completely rejecting alterna- 
tive theories Goss marshals a wealth of 
research-evidence, including much from 
his own laboratory. He has done a 
valuable service in collating work from 
diverse morphogenetic approaches, 
usually all too much segregated. The 


results are mainly from work on mam-, 
mals and some other vertebrates, how- 
ever, for the invertebrates have been 
relatively little studied; but the general 
zoologist, particularly, will welcome 
the very extensive bibliography on the 
higher vertebrates. The material is 
assessed with the analytical acuity and 
attack-thinking which characterizes the 
author’s own experiments. It is pre- 
sented with a scrupulous clarity of il- 
lustration and text which makes the 
book eminently readable, even through 
the heavier narrative sections and the 
complexities of organ-interactions. 

It could be contended, constructively, 
that the focal, theoretical Chapter IIl 
should have come after, and not before, 
the body of facts on which it is based 
and which may seem tedious once the 
reader has been primed to expect that 
the limelight thenceforward is on the 
author’s thesis. For the purpose of 
stage-setting, the preface and intro- 
duction would seem already adequate. 
Allometry would then not be isolated 
from the other lines of approach. The 
unity of theme and development would 
probably also have gained from less 
weight on physiological mechanisms and 
other peripheral, if essential, material. 

Professor Goss has made a very good, 
freshened, and strengthened case that 
functional deficit/excess is a major 
factor promoting morphological hyper- 
trophy/atrophy. The nature and com- 
plexity of the pathway of intermedia- 
tion is now the immediate problem. 
The possibility of other fastors and 
mechanisms seems still in court.—A. E. 
Needham 


Fundamentals of Engineering Mechanics 
by L. Levinson; translated from the 
Russian; 334 pages; $10.50; Gordon 
& Breach, 1965. 


Profound concern regarding the 
quality of American Engineering Educa- 
tion has resulted in considerable ac- 
tivity, including the production of 
numerous outstanding undergraduate 
texts. Unfortunately, this book does not 
fall into this category, and gives rise to 
immediate speculation as to why it was 
selected for translation. It surely is not 
representative of the outstanding con- 
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„tributions of many Russians in the area 
of solid mechanics. 

Phe author has attempted to cover an 
extremely broad area including statics, 
kinematics, kinetics, the theory of 
machines, and strength of materials. 
This is done without calculus so the text 
would not be suitable for courses in 
Engineering Mechanics as they are 
known in most American universities. 
Possibilities of using the text in an 
introductory Physics course  (occa- 
sionally done without calculus) would 
most likely be ruled out, because of the 
generally awkward presentation, Jack 
of good quality figures and illustrations, 
and the omission of an index. 

A more serious criticism is the use of 
the book as a propaganda vehicle. After 
an extremely brief mention of Archi- 
medes, Leonardo, Stevinus, Galilei and 
Newton, the reader is definitely led to 
believe that most advances in analytical 
mechanics and “machine engineering” 
are of Russian origin. In fact, this argu- 
‘ment is supported by a direct quotation 
from Lenin. The latter is so patently out 
of place as to raise serious questions 
regarding the responsibility of the 
publisher.—Robert W. Gerstner 


Clinical Phonocardiography by D. C. 
Derucuar; 144 pages; $3.75; D. Van 
Nostrand Co., 1965. 


This is an admirable little book. The 
author set himself the task of providing 
a short text on clinical phonocardiog- 
raphy for the student and general 
practitioner, which he has achieved. It is 
clear, concise, and comprehensive. Of 
great value too is the author's ad- 
herence to his promise that matters not 
the province of such a slim volume shall 
not be included The whole subject is 
dealt with in an orderly fashion: in- 
struments and techniques, physical 
basis of acoustic phenomena, both nor- 
mal and abnormal, then a consideration 
of each important pattern in turn. Each 
pattern is interpreted in terms of the 
hemodynamic circumstances responsible 
for its origin. Such an approach, in 
which laboratory and research data are 
transported to the bedside, is in keeping 
with the best traditions of British 
Clinical Cardiology. Where the in- 
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terpretation is uncertain or unknown 
the author says so, and, in the case of 
multiple interpretations, he presents the 
alternatives fairly. The line drawings, 
which are happily profuse, meet the 
standard of the text. For the individual 
planning the first brave plunge or for 
him reentering for a refresher, it would 
not be bad advice to let Dr. Deuchar 
initiate him into “the mysteries of 
phonocardiography.”—David H. Lewis 


Introduction to Semiconductor Devices by 
M. J. Morant; 126 pages; $2.95; 
Addison-Wesley Publishing Company 
(A-W Series in Electrieal Engineer- 
ing); 1965. 


This monograph is offered as "an 
introduetion to the physies of semi- 
conductor devices...at the advanced 
undergraduate level.” Its aim is an 
understanding of the operation of these 
devices "in a moderate amount of de- 
tail in order to take full advantage of 
their characteristics and to be aware of 
their limitations. The author has 
successfully accomplished his purpose. 

The first two chapters provide an 
introduction to the physics of electrons 
and holes in semiconducting solids. The 
opening sections may prove too concise 
for “engineers who may have had little 
or no exposure to the fundamentals of 
semiconductor devices," but, in general, 
these chapters will contribute to a clear 
understanding of the subject. The topic 
of p-n junctions is discussed in detail in 
chapter 3, which leads immediately to 
the consideration of the junction transis- 
tor in chapter 4, and of its use as a 
circuit element in chapter 5. A too con- 
cise review of “miscellaneous semi- 
conductor devices” constitutes the final 
chapter. The value of this chapter, in 
particular, would have been enhanced 
by a wider selection of specific references 
for further reading. 

The author’s style is basically de- 
scriptive, and equations are often pre- 
sented in “approximate” form. Never- 
theless, the physics of semiconductors is 
reliably and adequately communicated. 
The coverage of both the theoretical and 
practical aspects of semiconducting de- 
vices is good. The discussions of the 
correlation and/or discrepancy be- 
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tween theory and application, and the 


illustrations of the relative importance 
of different parameters contribute much 
to the general excellence. Significant 
numerical data, important manufacture 
and application aspects, current termi- 
nology and recent developments are 


reviewed and briefly discussed. The - 


inclusion of thirty-six problems, with 
solutions, throughout the text con- 
tributes to the potential value of this 
monograph as a readable and worth- 
while introduction to semiconductor 
devices.—Robert F. O’Brien 


Handbook of Paleontological Techniques, 
edited by B. KummeL & D. RAUP; 
852 pages; $18.00; W. H. Freeman 
& Co., 1965. 


A basic fact of paleontology, so taken 
for granted by practitioners that sci- 
entists in other fields may be unaware of 
it, is that most fossils require extensive 
technical manipulation before they can 
be studied. Differences in the nature of 
various fossil organisms are vast, as are 
differences in their occurrence and mode 
of preservation; the questions posed by 
today's investigators are far more subtle 
and penetrating than those of the old- 
time describers of species; and the in- 
genuity of technicians in finding ways 


to answer these questions seems to be. 


limitless. Às & result, investigative tech- 
niques have been developed in almost 
infinite diversity—but these are com- 
monly buried in the “Techniques” sec- 
tions of specialized papers where they 
reach only a limited audience. 

Compiling an orderly and com- 
prehensive cookbook of these multi- 
farious methods and procedures must 
have rivaled the labors of Hercules, but 
Kummel and Raup have done it. Their 
book consists of a series of concise 
descriptive articles written by special- 
ists, plus an extensive bibliography of 
techniques arranged by subject, plus a 
classified index of the bibliographies 
used by paleontologists and stratig- 
raphers. The latter two sections alone 
are worth the price. 

Just to list the 86 descriptive essays 
would treble the length of this review. 
Section by section they cover general 


practices in the study of each of the 
major fossil groups, collecting tech- 
niques, mechanical and chemical piepa- 
ration, radiation-based methods, casting 
and molding, and “the preparation of 
ilustrations. À separate chapter treats 
techniques in palynology. 

To call this book a goldmine of in- 
formation would be unfair, for a gold- 
mine involves laborious digging and the 
tedious extraction of values from dross. 
Instead, Kummel and Raup offer a 
treasury of fresh-minted data to paleon- 
tologists of all persuasions, as well as 
many things of value to neontologists, 
stratigraphers, archeologists, and others. 
We are much in their debt.—Donald 
Baird ` 


Human Diversity (The Nature & Sig- 
nificance of Differences among Men) 
by K. Mauer; 126 pages; $5.95; 
The Macmillan Co., Free Press & 
Oliver & Boyd, 1965. 


In this book which carries the sub- 
title “The Nature and Significance of 
Differences among Men” the British 
geneticist Kenneth Mather addresses 
himself to a wider public—‘‘to all who 
are seeking a better understanding of 
human differences and their importance 
for our populations and societies.” 

The first five chapters which make up 
about 60 per cent of the slender volume 
deal with some facts about diversity, its 
environmental and genetic causation, 
with mutation and selection and with 
the wide-spread existence ° of poly- 
morphisms in Man with particular 
reference to blood characters. Contrary 
to a first impression according to which 
natural selection will usually lead to the 
establishment of a single, fittest geno- 
type for any one trait, it is now clear 
that a variety of alternate traits coexist 
in any population. How this is brought 
about is‘one of the great problems of 
present research. Mather’s treatment is 
clear and fair even if it is difficult to be 
original in these widely discussed areas. 

With its sixth chapter “Continuous 
variation,” the book rises to an im- 
pressive level. Mather is an authority 
on polygenic systems, those in which 
the existence of many different genes, all 
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contributing to a quantitatively meas- 
urable trait, account for continuous 
variation. Without using the tools of the 
mathematical geneticist, he describes 
lucidly the basic facts with special refer- 
ence to the very large amount of po- 
tential genetic variation which remains 
concealed in a population by means of 
the balancing action of non-allelic 
genes. Thus two genotypes, AAbb and 
aaBB, may be alike in expression but 
their second generation offspring may 
contain five observably different types, 
from AABB to aabb. “So,” he con- 
cludes, “great as may seem the con- 
tinuous variation that we observe in 
stature or intelligence. ..it is no more 
than a token of the genetic variation 
that we actually carry in the popula- 
tion..." and he adds that “our ex- 
perience with other species suggests 
that... intense selective breeding would 
take no more than a dozen or so genera- 
tions to double or halve either the 
average stature or the average level of 
I.Q...!’ Notwithstanding such an 
unequivocal statement, the treatment 
of the genetics of intelligence in popula- 
tions is open-minded and stresses the 
need for much more knowledge. It also 
warns of complacency: “The adjust- 
ment of the genetical constitution of the 
population by deliberate intervention 
...is generally regarded as something 
that we can choose either to undertake 
or to leave alone, but in truth we must 
already be in the business of altering 
our genetical structure. What we are 
doing to it we cannot as yet see clearly.” 
The two final chapters go beyond the 
biological factors common to all or- 
ganisms and deal with man’s unique 
attributes, "exosomatie evolution," so- 
cial transmission, social evolution, and 
the interplay of genetical differences and 
social development. Here the sober and 
restrained tone of the volume yields at 
times to an eloquence which is im- 
pressively compatible with the author’s 
objective attitudes.—Curt Stern 


Exploration of the Universe by G. ABELL; 
646 pages; $9.50; Holt, Rinehart & 
Winston, 1964. 


This book has sat on my desk for an 
entire year while I have been teaching 
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an introductory course in astronomy, 
and my constant reference to it for 
lecture ideas and illustrations has con- 
vinced me that it is the finest university 
textbook on elementary astronomy yet 
written. Dr. Abell writes in a remark- 
ably readable style. His explanations 
on every topic are clear and convincing, 
and he has chosen well the diagrams and 
photographs which appear on almost 
every page. The thirty-two chapters 
contain probably more material than 
can be taught in a year to an average 
group of students, but the more ad- 
vanced topics are set off in smaller type, 
and can be omitted without loss of con- 
tinuity. Their presence, however, en- 
hances the value of the book as a refer- 
ence, and makes it a challenge for even 
the best student. The author says that 
the book was written for the university 
student who is not majoring in a physi- 
cal science, which explains the absence 
(except in footnotes) of logarithms and 
any mathematics beyond elementary 
algebra, but the general level of discus- 
sion seems well above that of the typical 
“science for the non-sceientist" book. 

It is pleasing that the most modern 
topics are given their due amount of 
space. The two chapters on stellar 
evolution and stellar structure (86 
pages) are particularly good. The latter 
describes the basic physical considera- 
tions that determine the structure of a 
star in an extremely clear way, without 
actually writing down the differential 
equations involved. 

The book contains 16 useful ap- 
pendices, including the entire Messier 
Catalogue, a good glossary, the com- 
plete list of constellations, and a table 
of physical and astronomical constants. 
The star maps, printed on small cards 
inserted in a back cover pocket, are de- 
signed for use at mid-northern latitudes, 
and hence are unfortunately useless at 
this reviewer’s equatorial university. 
The many questions and exercises at 
the end of each chapter are well de- 
signed to make the student (and oc- 
casionally the instructor) think about 
what he has read instead of just memo- 
rizing it. 

There is very little that I find to 
criticize, but I do feel that the historical 


method of introduction is a wrong ap- 
proach, particularly for students who 
know nothing about the subject pre- 
viously. Several of my students were 
initially confused as to whether the 
stars were really set on crystal spheres 
or not! The only major technical error 
I noticed was the explanation of the 
presence of forbidden lines in gaseous 
nebulae, which are erroneously stated 
to become stronger with decreasing 
density. 

The book, of course, will be ‘dated as 
belonging to the prequasar era, but such 
is the exciting ever-changing state of 
astronomy today.—John E. Gaustad 


Astronomy, edited by S. RAPPORT & 
H. WniauT; 354 pages; $4.05; New 
York University Press, 1964. 


This is one volume of the New York 
University Library of Science, a series, 
according to the jacket, ‘designed for 
the general reader, spanning the whole 
range of the natural and physical sci- 
ences.” This is a tall order, and the 
twenty-three selections in this an- 
thology do not by any means span the 
whole range of the subject of astronomy. 
Yet there are samplings from many 
areas, historical and modern, none of 
which are written at a level higher than 
the typical Scientific American article. 
Each article is preceded by a page or 
so of well-written background informa- 
tion, designed to put the subject in con- 
text. 

There are some real gems in this book, 
such as the chapter from Eddington’s 
Space, Time and Gravitation, describing 
his eclipse expedition of 1919, in which 
the bending of light passing near the 
sun was first observed. His own group 
in West Africa had poor weather and 
obtained only two measurable photo- 
graphs, but each of these showed a dis- 
placement of the stars in agreement with 
Einstein's prediction. Imagine his dis- 
may when the first set of plates re- 
turned by the expedition to Brazil 
showed half the displacement, in agree- 
ment with the Newtonian predictions. 
But the images in this set were not 
good, and there were certain possibili- 
ties of systematic error. Fortunately, 


another set of observations was ob-. 
tained in Brazil with another telescope 
of a larger scale and these plates had 
ideal images. Their, measurement con- 
firmed the Einstein value, setting the 
theoretician’s mind at ease. 

Other interesting chapters include 
Galileo’s account of the first observa- 
tions with his telescope, the article by 
the Schwarzschilds on balloon as- 
tronomy, a history of the circumstances 
surrounding the discovery of Neptune 
by Sir Harold Spencer Jones, and a 
selection entitled “The Birth and 
Death of a Star" by Allan Sandage. I 
would have thought that a more up-to- 
date description of the solar system 
could have been found than the thirty- 
year-old chapter by Moulton included 
here; but this author does write in an 
engaging manner. 

This is not by any means a text or 
reference work. It is recommended for 
the layman who wants to dabble in some 
interesting aspects of the science of 
astronomy.—John E. Gaustad 


Exploration of the Universe by H. C. 
Kine; 335 pages; $0.75; The New 
American Library (Signet Science 
Library original), 1964. 


Although this little paperback: bears 
the same title as the recent text by G. 
Abell, it is not an exposition of modern 
astronomy for students, but a very 
readable history of the development 
of man’s ideas about the universe for 
the general reader. Dr. King guides us 
on the fascinating journey from the be- 
ginnings of recorded ‘history in Egypt 
and Babylonia to the modern events of 
man’s first faltering steps away from 
his planet into space. The narrative is 
not strictly chronological, but is in- 
formative and thorough without being 
pedantic. 

I was pleased to see the number of 
pages devoted to the Muslim astrono- 
mers, whom we can thank for keeping 
astronomy alive during the Dark Ages, 
and I enjoyed very much the account 
of the seventeenth and eighteenth cen- 
tury speculations about life elsewhere 
in the universe, a subject which has 
experienced quite a revival recently, but 
on more scientific grounds. : 
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Fifty pages cannot really do justice to 
fhe vast expansion of knowledge in the 
present century, but the last chapter 
touches on most of the important 
points, from the distovery of the energy 
source of the stars to the realization of 
the vastness of*the universe and the ex- 
pansion of the galaxies. Here however, a 
few technical errors creep in, such as the 
confusion of the stellar interferometer 
in Australia with radio instruments 
which operate on an entirely different 
principle. 

Twenty pages at the back of the book 
contain a reasonable glossary, but the 
index contains chiefly proper names. 
Sixteen standard photographs bound 
in the middle of the volume have little 
connection with the text. The flyleaf 
states that a hard cover edition is pub- 
lished in Britain by Martin Secker & 
Warburg.—John E. Gaustad 


Meteors, Comets & Meteorites by G. S. 
Hawkins; 134 pages; $2.50 paper; 
McGraw-Hill Book Company, 1964. 


This small book is the first of a new 
soft cover series in astronomy intended 
for the junior or senior student in physi- 
cal science. Such a series forms a wel- 
come addition to the literature, for 
there is relatively little published at the 
intermediate level between the elemen- 
tary survey and the graduate textbook. 

Six chapters in this book are devoted 
to meteors, including methods of ob- 
servation, the physics of the meteor 
interactioh with the atmosphere, the 
phenomenon of swarms and streams and 
their relation to comet orbits, sporadic 
meteors, and the supposed effects of 
meteor dust on the weather. Only 16 
pages are devoted to meteorites and 23 
to comets, which shows, I think, where 
the author’s main interest lies, not 
where the most interesting and ex- 
tensive material is to be found. A few 
review questions and problems are 
given at the back of the book, and there 
is a small index. No references are in- 
cluded. 

Although there is a great need for a 
series of this type, I do not think that 
this first number adequately fulfills the 
needs of the intermediate student at 
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which it is aimed. The main criticism 
is that the author does not maintain an 
even level throughout. Many equations 
are given with little or no derivation, 
apparently on the assumption that the 
student can derive them himself, yet in 
other places oversimplified explanations 
are used. For example, the resolving 
power of a telescope is given in terms 
of the separation of two objects at 100 
km distance. The author’s writing style 
jumps from topic to topic rather 
abruptly, and the inclusion of too many 
irrelevant details and personal references 
is rather annoying. 

Apparently there is still confusion of 
terminology in meteor astronomy, for 
according to the author, a microme- 
teorite is defined as an object that com- 
pletely melts upon entering the atmos- 
phere but does not vaporize, yet he 
shows photographs of micrometeorites 
which obviously have never melted. 
Again, if a meteorite is an object which 
has survived to reach the surface of the 
earth, as it is defined here, then one can 
not talk of a meteorite which is con- 
sumed in the atmosphere, yet this is 
how those meteors showing nickel-iron 
spectra are described. Such incon- 
sistencies also detract from the read- 
ability of the book. 

In spite of these drawbacks, this book 
will be useful to some students, for there 
is little else yet published on this sub- 
ject. However, it is to be hoped that 
future contributions to this series can 
be of higher quality —John E. Gaustad 


Surface Phenomena in Metallurgical 
Processes, edited by A. L. BELYAEV; 
228 pages; $27.50; Consultants Bu- 
reau, 1965. 


The 29 papers in this volume were 
presented at a conference in Moscow 
in 1961 and published in the original 
version (Russian) in 1963. Perhaps 4 
of them may be classified as frankly 
review articles, about 10 are mainly re- 
ports on experiments; there are also 
purely theoretical papers and some 
which are partly theoretical, partly ex- 
perimental, and partly reviews. 

No direct reference to metallurgical 
processes could be found, e.g. in the 


article on the method of the maximum 
bubble pressure by Pugachevich (not 
Pugachev as stated on p. 152) or in those 
by Shcherbakov on the capillary effects 
of the second kind. However, the major 
part of the text really discusses simple 
steps in some metallurgical operations 
from the point of view of the physical 
chemistry of interfaces. Thus, the en- 
trapment of aluminum droplets in 
eryolite melts during the electrodeposi- 
tion of aluminum is correlated with the 
tensión of the interface aluminum— 
eryolite (both liquid); wetting of graph- 
ite by molten chlorides and fluorides 
with cathodic and anodic polarization 
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is studied in detail (29 pages) because 
graphite cathodes are used in the above 
electrodeposition, and so on. , 

It would be unfair to expect a very 
critical attitude to scientific theories 
from people dealing with applications 
of science; and, indeed, some authors 
are more credulous than the reviewer 
prefers to be. The translation is not 
everywhere smooth; Volmer appears 
again as Folmer, etc. On the whole, 
however, the volume should be useful 
to both budding and mature metal- 
lurgists, especially of the more practical 
type. Unfortunately, the price of the 
book is excessive.—J. J. Bikerman 
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Barth, L. J.; March, 94A. 

Basic Concepts of Ecology (C. B. Knight); 
Dec., 480A. 

Basolo, F.; June, 259A (with R. Johnson). 

Battey, M. H., ed.; June, 262A (with S. I. 
Tomkeieff). 

Beh O. A.; March, 139A (with I. Rosen-, 


). ; 

Beaton, G. H., ed.; Sept., 386A (with E. W. 
McHenry). 

Behaviorism & Phenomenology: Contrasting 
Basés for Modern Psychology (T. W. Wann, 
ed.); June, 256A. 

Belov, N. V.; March, 66A (with A. V. 
Shubnikov). 

Belyaev, A. L, ed., Dec., 513A. 

Benedetti-Pichler, A. A.; March,’90A. 

Bent, H. A.; Sept., 315A. 

Biochemistry & Behavior (S. Eiduson et al.); 
March, 134A. 
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Biochemistry of Semen & of the Male Re- 
productive Tract (T. Mann); March, 113A. 

Biographical Memoirs of Fellows of The Royal 
Sot'iety, Vol. 10; June, 228A. 

Biological Rhythm Research (A. Sollberger); 
Dec., 502A. 

Biologist Philosopher, A Study of the Life & 
Writings, of Alfred Russel Wallace (W. 
George); March, 82A. 

Biostatistics, An Introductory Text (A. Gold- 
stein); June, 252A. 

Biosynthesis of Macromolecules, The (V. M 
Ingram); Sept., 395A. 

Biosynthesis of Steroids, Terpenes, & Aceto- 

H. Richards & J. B. Hendrick- 
son); Dec., 499A. 

Birks, J. B.; Sept., 396A. 

Birth & Death of the Stars (in Astronomy 
Highlights) (K. L. Franklin); Sept., 330A. 

Bituminous Materiala; Asphalts, Tars, & 
y ud Vol. 1 (A. J. Hoiberg, ed.); June, 


Bjorken, J. D.; March, 106A (with S. D. 


Blauner. E ; June, 210A. 

Blood & Bone Marrow Cell Culture (H. J. 
A odis) Sept., 379A. 

Bohr, N.; June, 208A. 

Boiteux, 'H., Sep t., 378A. 

Bonestel, C. Dee., 478A. (with R. S. Richard- 
son 

Braneazio, P. J., ed.; Sept., 391A (with A. G. 

. Camero n). 

Brandt, J. C.; June, 220A (with P. Hodge). 

Branley, E. M.; Sept., 330A. 

uo s J.; Dec., 162A (with R. E. Lough- 

ea 

Brenner, W.; Sept., 354A (with Y. Okamoto). 

Brewer, R.; June, 5 

Bridgman, 'p. W.; June, 210A. 

Brillouin, L.; March, 186A. 

Brown, G. E.; : 

Budden, K. G.; March, 143A. 

Buerger, M. J.; June, 214A. 

Burakov, V. S.; Sept., 344A (with A. A. 
Yankovskii). 

Busch, Hs Dec., 470A. 

Butler, J. A. V.; ; June, 226A. 

Butler, S. T.; June, 204A (with H. Messel); 3. 

Butzer, K. W.: Sept., 894A, 

Byers, H. R.; Dec., 492A. 


Caley, E. R.; June, 222A. 

Cameron, A. G. W 4, ed.; : Sept., 391A (with P. 
J. Branea£io). 

Captives of the Sun (in ee Highlights) 
J. S. Pickering); Sept., 330A. 

Carbene Chemistry, Vol. 1of Organic Chemistry 
(W. Kirmse et al); Sept., 350A 

Carpenter, C. R.; Dec., 468A. 

Case, F. W., Jr.; : Sept., 861A. 

Catalysis & Chemical Kinetics (A. A. Balan- 
din et al.); Dec., 488A. 

Cellular Functions of Membrane Transport, 
The (J. F. Hoffman, ed.); Sept., 

Chadderton, L. T.; Dec., 476A. 

Chamberlain, J J.M.; Sept., 330A. 

Chapman, i 8.; March, 110A. 

Chardin, T ; June, 216A. 

Chelating Agents & Metal Chelates CF. 
Dwyer & D. P. Mellor, eds.); June, BO 

Chemical Engineering (P. DeRienzo): Sept., 


Chemical Protection of the Body Against Ioniz- 
ing Radiation (V. S. Balabukha, ed.); 
Chemical’ eacki f Pol M. 
emaca, eactions o. oiymera 
Fettes); June, 249A a 
Chikazumi, P June, 222A. 
Chisnall, G. A.; June, 252A, 
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Chiu, H.-Y., ed.; June, 214A (with W. F. 
Hoffmann). 

Choice, Strategy, & Utility (S. Siegel et al.); 
June, 260A. 

Choppin, G.; March, 131A. 

Chow, V. T., ed.; Sept., 369A. 

Chromatographic Methods (R. Stock & C. B. 
F. Rice); March, 124A. 

Clagett, M.; Sept., 358A. 

ii ooi Phonocardiography (D. C. Deuchar); 

ec. 

Closed Systems & Open Minds: The Limits of 
Naivety in Social Anthropology (M. Gluck- 
man, ed.); Dec., 493A. 

Cofer, C. N.; June, 236A (with M. H. 
Appley). 

Cohen, Y. A.; June, 234A. 

Cohn, N. S.; Sept., 355A. 

Colbert, E. H.; Dec., 464A. 

Collected. Scientific Papers by Wolfgang Pauli 
m R- Kronig & V. F. Weisskopf, eds.); June, 


Collieien Phenomena in Ionized Gases (E. W. 
McDaniel); March, 68A. 

Collision Theory (M. T. Goldberger & K. M 
Watson); March, 126A 

Colored Symmetry (A. V. Shubnikov & N. V. 
Belov); March, 66A. 

Colthup, N. B. et al.; June, 252A. 
Comprehensive Biochemistry, Vol. 15: Gay 
Transfer Reactions (M. Florkin & E. 

Stotz, eds.); March, 129A. 

Computers & Their Uses (W. H. Desmonde); 
March, 187A. 

Computing Methods in oak Problems 
(A. Balakrishnan & L. W. Neustadt, 
eds.); June, 262A. 

Concepts in renee Mechanics (F. A. 
Kaempffer); Dec., 474A. 

Conduct of Inquiry, Methodology for Behavioral 
Science, The (A. Kaplan); June, 246A. 

Conodonts (M. Lindstrom); Dec., 502A. 

Conover, D. W.; June, 228A (with W. E. 
Woodson). 

Coordination Chemistry (F. Basolo & R. John- 
son); June, 259A. 

Corbett, M. K., ed.; June, 216A (with H. D. 
Sisler). 

Corliss, W. R.; Sept., 398A (with D. G. 
Harvey). 

Cosmic Rays (B. Rossi); Sept., 380A. 

Cotton, F. A., ed.; Sept., 368A. 

Craigie’ sN euroanatomy of the Rat (W. Zeman 

J. R. M. Innes, revisers); March, 87A. 

Crandall, L. S.; March, 92A. 

Crisis in Medical Education, The (L. J. 
Evans); June, 259A. 


Critchley, G. N., ed.; Dec., 492A. 
ae A. ; Sept., 372A (with H. A. Glea- 
son 


Cummins, K. W. et al.; June, 249A. 

Current Interpretation of Wave Mechanics, 
A Critical Study, The (L. De Broglie); 
Sept., 384A. 

Cytoplasm in Heredity, The (D. Wilkie); 
March, 126A. 


Damask, A. C.; March, 76A (with G. J. 


Dienes). 
Danielli, J. F. et Aaa eds.; June, 228A. 
Darlington, C. D.; June, tye 


Dasmann, R. F.; : Bept., 889A. 
David Rittenhouse (B. Hindle); June, 206A. 


Davis, D. E.; March, 98A. (with F. B. 
Golley). 

Davis, P. H.; June, 212A (with V. H. Hey- 
wood). 

DeBenedetti, 8.; Sept., 380A. 

De Broglie, L.; Sept., 384A. 


Deep and the Past, The (D. B. Ericson & G. 
Wollin); March, 131A. 

Degens, E. T.; Dec., 490A. 

Delcroix, J. L.; March, 78A (with J. E. 
Denisse). 

Denisse, J. F.; March, 78A (with J. L. 
Delcroix}, 

DeRienzo, P.; Sept., 398A. 

Design of the Universe (in Astronomy High- 
lights) (S. I. Gale); Sept., 330A. 

Desmonde, W. H.; March, 187A. 

Deuchar, D. C.; Dec., 508A. 

Development of Weak Interaction Theory, 
The (P. K. Kabir, ed.); Sept., 339A. 

Development: Selected Topics (L. J. Barth); 


March, 94A. 
ed.; March, 120A (with J. 


DeVirville, A, D., 
Feldmann). 

De Vore, I.; Sept., 376A (with S. Eimerl and 
the Editors of LIFE). 

De Wiest, R. J. M.; Dec., 494A. 

Dickinson, S. K., Jr.; Dec., 488A. 

Dienes, G. J.; March, 76A (with A. C. 
Damask). 

Differentiation & Development (N. Y. Heart 
Association); June, 242A. 

Discrete Maximum Principle, The; A Study of 
Multistage Systems Optimization (L.-T. Fan 
& Wang); March, 130A. 

Dislocations (J. Friedel); June, 253A. 

Ditchburn, R. W., ed.; Dec., 466A. 

Dondero, N. C., ed.; 'Sept., 356A (with H. 


rell, D.; Mareh, 106A (with J. D 
Bjorken). 
Dwyer, F. P., ed.; June, 210A (with D. P. 
ellor). 


Dynkin, E. B.; Dec., 497A (trans. by J. 
Fabius ef al.) 


Eardley, A. J.; Sept., 328A. 

Early Grouth of Logic 4n the Child, The (B. 
Inhelder & J. Piaget); March, 128A. 

Eaves, G.; June 

Editors of LIFE: doo, 376A (with S. Eimerl 
& I. De Vore). 

Education of Vision (Vision and Value series 
Vol. I) (G. Kepes, ed.); Sept., 392A. 

Biduson, S. et al.; March, 134A. 

Eimerl, &.; Sept., 376A (with I. De Vore and 
the Editors of. LIFE). 

Electromagnetics in Space (K. R. Spangenberg, 
ed.); Sept., 397A. 

Electron Paramagnetic Resonance (S. A. 
Altshuler & B. M. Kozyrev); June, 221A. 

Electronic Analog & Hybrid Computers (G. A. 
Korn & T. M. Korn); June, 253A. 

Electronic Spectra & Quantum Chemistry 
(C. Sandorfy); June, 223A. 

Elementary Coordination Chemistry (M. M. 
Jones); Sept., 388A. 

Elements of Cloud Physics (H. R. Byers); 
Dec., 492A. 

Elements of Cytology (N. S. Cohn); Sept., 
355A. 


Elements of Stochastic Processes with Applica- 
tions to the Ni sah Sciences, The (N. T 
Bailey); Den , 496 

Elving, P. J., ed.; March, 130A (with I. M. 
Kolthoff yo 

Embryology of the ovary & testis Homo sapiens 
& Macaca mulatta (G. van Wagenen & M. 
E. Simpson); Sept., 399A. 

Emeleus, H. J., ed.; March, 113A (with A. G. 
Sharpe). 

Environment & Archeology: An Introduction 
io Pleistocene Geography (K. W. Butzer); 


Sept., 394A. 
Ericson, D. B.; March, 131A (with G. Wollin). 


Essays 1958/1962 on Atomic Physics amd, 
Human Knowledge (N. Bohr); June, 208A. 

Essays on Crop Plant Evolution (J. Hutchin- 
son, ed.); Dec., 464A. 

Essays on Physiological Evolution —honoring 
KH. S. KoshtoyantS (J. W. S. Pringle & 
T. M. Turpayev, g; Dec., 460A. 

Evans, L. J.; June, 259A. 

Evolution of "Biology, The (M. J. Sirks & C. 
Zirkle); March, 109A. 

Experimental Endocrinology (M. X. Zarrow 
et al.); June, 224A. 

Experimental Entomology (K. W. Cummins 
et al.); June, 249A. 

Experimental Methods in Gas Reactions (H. 
Melville & B. G. Gowenlock); Sept., 339A. 

sah eda of the Universe (G. Abell); Dec., 


Exploration of the Universe (H. C. King); 
Dec., 511A. 

Extrachromosomal Inheritance (J. L., Jinks); 
March, 125A. 


Fabric & Mineral Analysis of Soils (R. 
Brewer); June, 2 

Fan, L.-T.; March, 130A (with C.-S. Wang). 

Federalist, The; March, 140A. 


Feldmann, Ja ‘ed.: March, 120A (with A. D. 
DeVirville). 

Fenn, W. O., ed.; March, 139A (with H. 
Rahan). 

Fettes, E. M.; June, 249A. 


Fiedler, G.; June, 252A (with G. A. Chisnall). 

Fishes of the Western North Atlantic (Y. Olsen, 
ed.); Dec., 482A. 

Flame Spectroscopy (R. Mavrodineanu & H. 
Boiteux); Sept., 378A. Parts I-III. 

Vin VM ed.; March, 129A (with E. H. 

totz 

Fluvial Processes in Geomorphology (L. B. 
Leopold et al), Sept., 385A. 

Fong, P.; Sept., 375A. 

Foundations of Electrical Engineering: Vol. 3, 
Fields-Networks-Waves (K. Simonyi; D. 
Jones & A. Sekey, trans.); March, 68A. 

Foundations of Experimental Embryology 
(B. H. Willier & J. M. Oppenheimer, eds.); 
March, 98A. 

Foundations of Thermodynamics (P. Fong); 
Sept., 375A. 

Fouraker, L. E.; June, 260A. 

Fracture Processes in Polymeric Solids: 
ry eae & Theory (B. Rosen, ed.); June, 


Frameworks for Dating Fossil, Man (K. 
Oakley); Sept., 365A. 

Francombe, H. ., ed.; June, 239A (with H. 
Sato). 

Franklin, K. L.; Sept., 330A. 

Friedel-Crafts & Related Reactions, Vol. 3, 
Parts I & II: Acylation & Related Reac- 
tions (G. A. Olah, ed.); Dec., 505A. 

Friedel, J.; June, 253A. 


Frocht, M. M March, 86A. 
Fuchs, B. A.; March, 129A (with B. V. 
Shabat). 


Function and Structure in Micro-organism 
(M. R. Pollock & M. H. Richmond, eds.): 
Dec., 504A. 

Functions of a Complex Variable & Some of 
Their Applications Vol. I (B. A. Fuchs & 
B. V. Shabat); March, 129A. 

Fundamental Asiromeiry . . . (V. V. Podobed: 
A. N. Vyssotsky, ed.); Dec., 470A. 

Fundamentals of Engineering Mechanics a, 
Levinson; S. Klein, trans.); Dec., 507A. 

Future of "Fuel Technology, The (G. N. 
Critehley, ed.); Dec., 492A. 

Een of Man, The (T. de Chardin); June, 
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Gale, S. I.; Sept., 330A. 

Gas Phase Oxidation of Hydrocarlons, The 
‘(Ve Ya. Shtern); March, 112A, 

Geifinger, H., ed., Sept., 390A. 

Gene Action (b. E. "Hartman & 8. R. Suskind}; 
‘Sept., 371A. 

Geneties & Man (C. D. Darlington); June, 
20 


Genetics of the Silkworm, The (X. Tazima); 
June, 218A. 

General College Geology (A. J. Eardley); 
Sept., 328A. 

Geochemistry of Sediments, A Brief Survey (E. 
T. Degens); Dec., 490A. 

Geography of Japan (R. Isida); March, 


Geohydrology (R. J. M. De Wiest); Dec., 


Pa in of Japan (F. Takai et al, eds.); 
March, 84A. 

George, W.; March, 82A. 

Girifaleo, L. A.; Sept., 846A. 

Give & Take: The Development of Tissue 
Transplantation (F. D. Moore); March, 


Gleason, H. A.; Sept., 372A (with A. Cron- 


uist). 

Gluckman, M., ed.; Dec., 493A. 

Godula, E. À. ed.; Marthe 135A (with E. J. 
Lawson). 

Goldberger, M. L.; March, 126A (with K. 
M. Watson). 

Goldstein, re June, 2. 

Golley, P, É; Marte ABA (with D. E. 
Davis). 

Golomb, S. W.; Sept., 350A. 

Goss, R. J.; Dec., 507A. 


Gould, R a a March, 135A. 
Gowenlock, .; Sept., 339A (with H. 
Melville 


Graphics in Space Flight (F. A. Heacock); 
March, 133A. 

Gravitation & Relativity H. -Y. Chiu & W. F. 

Hoffmann, eds.) June, 214A. 

Gray, D. F.; Dec., 46 BA. 

Green, H. S; Sept., 362A (with C. A. 
Hurst). 

Groups of Order 2" (n<6), The (M. Hall, 
Jr., & J. K. Senior); June, 230A. 

Group Theory & Quantum Mechanics (M. 
Tinkham); March, 119A. 

Grunbaum, A.; March, 76A. 

Guide to the Interpretation of Space Group 
Symbols (S. K. Dickinson, Jr.); Dec., 
488A. , 

Gurland, J., ed.; June, 254A. 

Gurr, E.; Dec., 506A. 


Haggis, G. H., et al.; March, 105A. 
Hahon, N., ed.; March, 110A. 
Hais I. M., ed.; June, 258A (with K. 


). 

Hall, M. Jr.; June, 230A (with J. K. Senior). 

Hall, R. P.; "Dec., 486A. 

Handbook of Applied Hydrology: A Compen- 
dium of le eir ra Technology (V. T. 
Chow, ed.); Sept., 369A. 

Handbook of Cell & Organ Culture (D. J. 
Merchant e£ al.. eds.); March, 123A. 

Handbook of Paleontological Techniques (B. 
Kummel & D. Raup, eds.); Dec., 509A. 

Handbook of Physiology, Section 3: Respira- 
tion, Vol. I (W. O. Fenn & H. Rahn, sec- 
tions eds.); March, 139A. 

Handbook of Practical Amateur Astronomy, 
A (P. Moore, ed.); June, 251A. 

Hanson, R. P., ed.; June, 235A. 

Harker, J. E.; Sept., 342A. 

Harriott, P.; Mareh, 187A. 

Harris, V. A.; Sept., 376A. 
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sa ee E E.; Sept., 371A (with S. R. 

uskin 

Harvey, D. G.; Sept., 398A (with W. R. 
Corliss). 

Hass, G., ed.; Dec., 484A (with R. E. Thun). 

Hatsopoulos, G. N.; Dec., 500A (with J. H. 


Keenan). 
Hawkins, G. re Dec., 512A. 
Heacock, F. A.; March, 133A. 


Heat & Life: The Development of the Theory of 
Animal Heat (E. Mendelsohn); March, 
107A. 

Hecker, R. F.; Dec., 498A. 

Heizer, R. H.; Sept., 338A (with F. Hole). 

Hendrickson, J. B.; Dec., 499A (with J. H. 
Richards). 

Hermann, H., Sept., 377A (with R. Mornex). 

Herschel, William, & the Construction of ihe 
Heavens (M. A. Hoskins); June, 246A. 

Hess, F. C.; ; Sept., 330A. 

Heukelekian, H ed. Sept., 357A (with N.C. 
Dondero). 

Heywood, V. H.; June, 212A (with P. H. 


avis). 
Hille, E.; Sept., 362A. 
Hindle, B.; June, 206A. 
Histones & Other Nuclear Proteins (H. 
Busch); Dec., 470A. 
Hodge, P.; June, 220A (with J. C. Brandt). 
Hoffman, J. F., ed.; Sept., 
HON W. F. ed.; ; June, 214A. (with H.-Y. 
Hofstadter, R., ed.; March, 104A (with L. I. 


Schiff). 

Hoiberg, A. J., ed.; June, 250A 

Hole, F.; Sept., 338A (with R. "HL Heizer). 

Holmes, A.; Dec., 488À. 

Homer, W. J.; Sept., 330A. 

Hoskin, ak A. June, 246A. 

Hoyle, F ; June, 201A. 

Human Diversity: The Nature & Significance 
of Differences among Men (K. Mather); 
Dec., 509A. 

Human Engineering Guide for TOM 
Designers (W. E. Woodson & W. 
Conover); June, 228A. 

Human Genetics & Its Foundations (M. 
Whittinghill); Sept., 331A. 

Human Motivation: A Symposium (M. R. 
Jones, ed.); Dec., 494A 

Human Tumors Secreting Catecholamines (H. 
Hermann & R. Mornex); Sept., 377A. 

Hurst, C. A.; Sept., 362A (with H. S. Green). 

Hutchinson, J., ed.; Dec., 464A. 

Huxley, A.; March, 78A. 


Iconography of the Characae (R. D. Wood & 
X. Imahori); Sept., 392. 

Identification of Materials, Via Physical 
Properties, Chemical Tests, & Microscopy 
(A. A. Benedetti-Pichler); March, 90A. 

Imahori, K. M.; Sept., 392A (with R. D. 


od). 
D , ed.; Sept., 352A (with N. D. 


Immunology (D. Y. Gray); Dec., 468A. 

Inference & Disputed Authorship: “The Fed- 
eralist" (F. Mosteller & D. L. Wallace); 
March, 104A. 

Ingram, V. M.; Sept., 395A. 

Inhelder, B.; March, 128A (with J. Piaget). 

Innes, J. R. M., ed.; March, 87A (with W 
Zeman). 

Internal Factors in Evolution (L. L. Whyte); 
June, 198A. 

Intersexuality in Vertebrates including Man 
(C. N. Armstrong & A. J. Marshall, eds.); 
June, 257A. 

Iniroduction to Cell Differentiation (N. T. 
Spratt, Jr.); March 94A. 


Introduction to General Relativity (R. Adler, 
et al.); Sept., 334A. 

Introduction to "Genetics, A Program for Self- 
UNION (E. J. Kormondy); March, 


Introduction to Infrared & Raman Spectros- 
copy (N. B. Colthup et al.): June, 252A. 

Introduction to Molecular Biology (G. H. 
Haggis e£ al.); March, 105A. 

Introduction to Paleoecology (R. F. Hecker); 
Dec., 498A. 

Introduction to Prehistoric Archaeology, An 
(F. Hole & R. H. Heizer); Sept., 338A. 

Introduction to Properties of Materials (D. 
Rosenthal); June, 2 : 

Introduction to Radiation Chemistry, An (J. 
MT Spinks & R. J. Woods); June, 

Introduction to Semiconductor Devices (M. 
J. Morant); Dec., 508A. 

Introduction to Semiconductor Physics (R. B. 
Adler et al.); June, 260A. 

Irving, E.; Sept., TY 

Isida, R.; ' March, 84A 

Isotopes in Biology (G. Wolf); June, 250A. 


Jagersten, G.; March, 86A (with L. Nilsson). 
Japanese People, T'he: Origins of the People & 
the Language (I. Komatsu); March, 82A. 

Jinks, J. L.; March, 125A. 

John, B.; J fune, 238A (with K. R. Lewis). 
Johnson, R.; June, 259A. (with F. Basolo). 
Jones, M. M.; Sept., 388A. 

Jones, M. R., ed.; Dec., 494A. 


Kabir, P. K., ed.; Sept., 339A. 
Kaempffer, F. A; ? Dec., "ATAA, 
Kamen, ; March, 71A. 
Kaplan, A.; June, 246A. 


Kaplan, Be ; March, 141A (with H. Werner). 

Kaplan, M.; Sept., 370A. 

Karling, J. . 8; Maroh, 102A. 

Kay, M.; Des. " 

Keenan, J. e ; 500A (with G. Hatso- 
poulos). 


Kepes, G., ed.; Sept., 392A. 
ing, H. C.; Dec., 511A 

Kinsman, B.; Dec., 486A. 

Kirmse, W., et al.; Sept., 350A. 

Knight, C. B.; Dec., OA. 

Kolthoff, I. M., ed.; March, 130A (with P. J. 
Elvin: g). 

Komatsu, I.; March, 82A. 


Kormondy, E. J.; March, 115A. 

Korn, G. À.; June, 253A. 

Korn, T. M.; June, 253A. 

Kozyrev, B. M.; June, 221A (with S. A. 
Al'tshuler). 

Kronig, R.; June, 226A (with V. F. 
Weisskopf). 


Kuiper, G. P., ed.; Sept., 387A (3). 
Kummel, B., ed.; Dec., 509A (with D. Raup). 


Lam, 8. H.; Sept., 360A (with W. H. Li). 

Lane, A. M.; March, TIA. 

Lawson, E. J., ed.; March, 135A. (with E. A. 
Godula). 

Leakey, L. S. B. et al.; Sept. 334A. 

Lectures on Magnetotonic Theory (K. G. 
roe a Mareh; 148A. 

LeGalley, D. P., ed.; June, 238A (with A. 
Rosen); ZABA (with J. W. McKee). 

Lehninger, A L.; June, 2 

Leisure in America: A Social Inquiry (M. 
Kaplan); Sept., 370A. 

Life, eds; et al., Sept., 976A 

Life fem the Sea (G. Jügersten); March, 


. Mammalian Protein Metabolism, 


` Leone, C. Pi. ed.; Sept., 350A. 


Leopold. A. C.; Sept., 366A. : 

Leopold, L. B. et al Sept., 3865. 

Lepoutre, G., ; Sept., 356A d: M. J. 
Sienko). 


Leprince-Ringuet, L.ped.; Sept., 374A. 

Levine, S. N.: Dec., 500A. 

Tevinson, L.; Dec, 507A (trans. by S. Klein). 
Lewis, K. R.; June, 238A (with B. John). 

Li, W. H,; ; Sept., 360A (with S. H. Lam). 

Life of the Cell, The: Its Nature, Origin, & 
gaa rnent (J. A, V. Butler); June, 


Life in the Sea (G. Jagersten & L. Nilsson); 
March, 86A. 

Life of the Rainbow Lizard, The (V. A. Harris); 
Sept., 376A. 

Light (R. W. Ditchburn, ed.); Dec., 466A. 

Lindstrom, M.; Dec., 502A. 


Lipsitt, L. P., 'ed.; June, 244A (with C. C. 
Spiker). 

Lipsitt, L. P., ed.; Dec., 482A (with C. C. 
piker). 

Tesque & Science (A. Huxley); March, 

Longo, V. G., ed.; Sept., 384A (with M. Ya. 
Mikhel’son). 


Loughhead, R. E.; Dec., 462. 
wdin, P.-O., ed.; March, eA (with B. 
Pullman). 
Lowenthal, II., ed., Sept., 364A. 


Luce, R. D. et al., eds.; March, 182A, 
Lumley, J. L.; Sept., 344A (with H. A. 
Panofsky). 


Lunar Charts, G. P. Kuiper et al., Sept., 386A. 


Masek, K., ed.; June, 258A (with I. M. 
ais 
Macromolecular Structure of Ribonucleic Acids 
Spirin; J. A. Stekol, trans. ed.); 
Sept., 367A. 
Madelung, O.; March, 121A. 
Madorsky, S. L., June, 237A. 
Vol I 
abt Mimo & J. B. Allison, eds.); June, 


Mammals of He World, 2 vols. (E. P. Walker 
et al.); Dec., 476A. 

Management of Wid Mammals in Captivity, 
The (L. S. Crandall); March, 92A. 

Man & Nature Or, Physical Geography as 
Modified by Human Action (G. P. Marsh; 
D. Lowenthal, ed.) ; Sept., 364A. 

Man in Space (F. C. Hess); Sept., 830A. 

Mann, T.; March, 113A. 

Manual of Exp erimental Elecirophysiology 
(I. ©. Whitfield). March, 92A. 

Margenau, H.; March, 87A (with G. M. 
Murphy). 

Marine Bio-Acoustics (W. N. Tavolga, ed.); 
March, 124A. 

Marine Geology of the Guy of California (T. 
H. van Andel & G. G. Shor, Jr., eds.); 
March, 122A. 

Markov Processes, Vols. I & II (E. B. Dynkin; 
J. Fabius et a , trans.) ; Dec., 497A. 

Markstein, G. H s ed.; March, 90A. 

Mars (R. S. Richardson with C. Bonestell); 
Dec., 478A. 

Marsh, 'G. Pa Sept., 364. 

ia ed.; nie 257A (with C. N. 


Marshall, À. 

Armstrong g. 
Marshall, C. E.; June, 242A. 
Mason, W. P., ed.; June, 230A. 


Mathematical Theory of Probability & Statis- 
tics (R. von Mises; H. Geiringer, ed.); 
Sept., 390A. 

Mathematics: Its Content, Methods, & Mean- 
m. P aera | Aleksandrov, et al., eds.); Sept. 
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Mather, K.; Dec., 509A. 

Mathematics & Psychology (G. “A. Miller); 
March, 132A. 

Mathématics of Physics & Chemisiry, The, 
Vol. 2 (H. Margenau & G. M. Murphy); 
March, 87A. 

Matter of Mendelian Heredity, The (K. R. 
Lewis & B. John); June, 238A. 

Mavrodinéanu, R.; 'Sept., 318A, 

McDaniel, E. W.; March, 68 

McHenry, E. W., ed.; ; Sept., EN (with G. H. 
Beaton). 

McKee, J. W., ed.; June, 248A (with D. P. 


y). 
M chatten of Inheritance, The (F. W. Stahl); 


March, 1 Tu 

Mellor, D. P., ed.; June, 210A (with F. P. 
Dwyer). 

Melville, H.; Sept, 339A (with B. G. 
Gowenlock). 


Mendelsohn, E.; March, 107A. 

Merchant, D. T. et al.; ‘March, 123A. 

Messel, H.; ; June, 204A. (with S. T. Butler); 3. 

Metal- Ammonia Solutions, Physicochemical 
pS oe G, Lepoutre & M. J. Sienko, 
eds.); Sept., A. 

Metalorganic P des (K. A. Andrianov); 
Dec., 496A. 

Meteors, Comets, & ‘Meteorites (G.'S. Haw- 
kins); Dec., 512A 

Methods in Carbohydrate Chemistry, Vol. 4 
(R. L. Whistler, ed.) ; June, 240 

Meynell, G. G.; Dec., 405A. {with E. Meynell). 

Meynell, E.; Dec. ,495A. (with G. G. Meynell). 

Mikhel'son, M. Ya., ed.; Sept., 384A (with 


V, G. Longo). 

Miller, G. A.; March, 132A. 

Mitochondrion, The; Molecular Basis of 
Structure & Function (A. L. Lehninger); 
June, 224A. 


Molecular Orbitals in Chemistry, Physics, & 
Biology, A Tribute to R. S. Mulliken (P.-O. 
Löwdin & B. Pullman, eds.); March, 116A. 

Moore, F. D.; March, 108A. 

Moore, P.; June, 251A. 

Morant, M. J.; Dec., 508A. 

Mornex, R.; Sept., 377A (with H. Hermann). 

Morowitz, H. J., ed.; ; Sept., 838A (with T. H. 
Waterman). 

Mortimer, C. T.; June, 208A. 

Mosteller, F.; March, 140A (with D. L. 
Wallace). 

Motivation: Theory & Research (C. N. Cofer 
& M. H. Appley); June, 236A. 

Mier R S., March 116A. 

Multivariate” Statistical Analai jor Biol- 
ogists (H. Seal); Sept., 372A. 

Munro, H., ed.; June, 255A (with J. B. 


Allison). 
Murphy, G. M.; March, 87A (with H. 
Margenau). 


National Academy of Sciences; Sept., 328A. 

Natural Geography of Plants, The (Œ. A. 
Gleason & A. Cronquist) ; Sept., 372A. 

Naturalistic Behavior of Ni onhuman Primates 
(C. R. Carpenter); Dec., 468A. 

Nature & Art of Motion, The (Vision and 


Kalue series) (G. Kepes, ed.); Sept., 
Neiman, M. B., ed.; Dec., 462. 
Neustadt, L. W., ed.; June, P (with A. V. 
Balakrishnan), 


Newcastle Disease Virus, An Evolving Patho- 
gen (R. P. eae ed.); June, 235A. 
; Sept, 352A (with J. 
Imbrie). 


N. Y. Heart Association; June, 242A. 
Nicholson, T. D.; Sept., A. 
Nilsson, L.; ; March, 864 (with G. Jagersten). 
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Non-steady Flame Propagatior d Agardograph 
75 (G. H. Markstein; ed.); March, 90A. 

Noyes, W. A. et al., eds.; June, 232A. 

Nuclear, Interactions (S. DeBenedetti) ; Sept., 


Nuclear Theory (A. M. Lane); March, 71A. 

wee & Radioactivity (G. Choppin); March, 
131 

Nucleon Structure (R. Hofstadter & L. I. 

chiff, eds.); March, 104A. 

Nutrition, A Comprehensive Treatise, Vol. II: 
Vitamins, Nutrient Requirements, Food 
Selection (G. H. Beaton & E. W. McHenry, 
eds.); Sept., 386A. 

Nutritional Factors in Virus Formation (K. 
Yamafuji); June, 240A. 


Oakley, K.; Sept., 365A. 

Of Men & Galaxies (F. Hoyle): June, 201A. 

Of Stars & Men (The Human Response to an 
epos) Universe) (H. Shapley); June, 
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Okamoto: Y.; Sept., 354A (with W. Brenner). 

Olah, G. A., ed.; Dec. ., 505A. 

Olduvai Gorge 1961-1961, Vol. I: Fauna & 
Backoround (L. 8. B . Leakey et al.); Sept., 


Olivier, J. P.; March, 104A (with S. Ross). 

Olsen, Y., ed.; Dec., 482A, 

On Physical Adsorption (S. Ross & J. F. 
Olivier); March, 104A. 

Oppenheimer, J. M.; March, 98A (with B. H. 


Optoelectronic Devices & Circuits (S. Weber); 
June, 234A, 

Orchids of the Western Greal Lakes Region 

. W. Case, Jr.); Sept., 

Order-Disorder Phenomena, ŞE 5: Mono- 
graphs in Statistical v (H. S. Green & 
C. A. Hurst) ; Sept., 362A. 

Organic Semizonductors ee Okamoto & W. 
Brenner); Sept., 

Organic Syntheses, vo ^ (W. E. Parham, 
ed.); June, 2 

Origin. & Evolution “of Aimaspheres & Oceans, 
The (P. J. Brancazio & A. G. W. Cameron, 
eds.); Sept., 391A. 

Orthographic Atlas of the Moon; pee 
to Photographic Lunar Atlas (G. P. Kuiper, 
ed.; compiled by D. W. G. Arthur & E. 
A. Whitaker): Sept., 387A. 

Oxidation Mechanisms: Applications to Or- 
ganic Chemistry (R. Stewart); March, 116A. 


Paleomagnetism . . . (E. Irving) ; Sept., 352A. 

Palladin, A. u^ gi : March, 112A. 

Panofsky, H ; Sept., 344A (with J. L. 
Lumley). 


Paper Chromatography, A | Comprehensive 
Treatise, 8 Vols. (I. M. Hais & K. Macek, 
el al., eds.) ; June, 258A. 

Parham, W. E., ed.; June, 225A. 

Patents for Chemical Inventions (R. F. Gould, 
EA J. Lawson, & E. A. Godula); March, 
135. 

Patton H. H. et al., eds.; Sept., 382A. 

Pauli, W.; June, 2 226A. 

Perlmutter, L, ed.; March, 122A (with M. 
Semch: yshen). 

Pettijohn, F. J.; March, 140A (with P. E. 
Potter). 

Pharmacology of Conditioning, Learning & 
Retention (M. Ya Mikhel’son, V. G. Longo, 
eds.); Sept., 384A. 

Philosophical "Problems of Space & Time (A 
Grünbaum); March, 76A. 

Phonons & Phonon Interactions (T. A. Bak, 
ed.); March, 90A. 

Photograhic Lunar Atlas (G. P. Kuiper; 
Sept. 387A, 


Physical Acoustics Principles & Methods, 
Vol. I, Part A: Methods & Devices (W. 
P. Mason, ed.); June, 230A. 

Physical Chemistry & Mirieralon) of Soils, 
The, Vol. I: Soil Materials (C. E. Marshall); 
June, 242A. 

Physics: of Magnetism (S. Chikazumi); June, 


Physiology & Biochemisiry of Herbicides, 
The (L. J. Audus, ed.); March, 100A. 

Physics of Thin Films, Advances in Research & 
Development, Vol. 2, 1964 (G. Hass & R. E. 
Thun, eds); Dec., 484A. 

Physics of III-V Compounds (O. Madelung; 
D. Meyerhofer, trans.); March, 121A. 

Physiology £ Diurnal Rhythms, The (J. E. 
Harker); Sept., 342A. 

Physiology of Insecta, The, Vol. 1 (M. Rock- 
stein, ed.); March, 102A. 

Physiology of Mollusca, Vol. I (K. M. Wilbur 
& C. M. Yonge, eds.); March, 96A. 

Piaget, J.; Maroh; 128A (with B. Inhelder). 

Pickering, J .84 Sept., 330A. 

Plankton & ‘Productivity dn the Oceans (J. E. 
G. Raymont); March, 70A. 

Plant Growth & Development (A. C. Leopold); 
Sept., 366A. 

Plant Virology (M. K. Corbett & H. D. 
Sisler, eds.) ; June, 216A. 

Plasma Waves (J. F. Denisse & J. L. Delcroix); 
March, 78A. 

Podobed, V. V.; Dec., 470A (A. N. Vys- 
sotsky E ng., ed.). 

Point "Defects i ‘in Metals (A. C. Damask & G. J. 
Dienes); Mareh, 76A. 


Pollock, M. R., ed.; Dec., 504A. (with M. H. 
Richmond Jy 

Polvani, G., ed.; June, 263A. 

Polyonimoes: The Fascinating New Recrea- 
tion In Mathematics (8. W. Golomb); 
Sept., 358A 

Potter, P. E.; March, 140A (with F. J. 
Pettijohn). 


uc Handbook on n Spectral Analysis (V. 
porako & A. ankovskii); Sept., 


Sad 

Presio Method, The (M. J. Buerger); 
June, 214A. 

Price, D. K.; Dec., 525. 

Primary Embryonic Induction (L. Saxen & S. 
Toivonen}; June, 257A. 

Primary Processes in Photosynthesis (M. D. 
Kamen); March, 71A. 

Primates, The (S. Kimerl, E P Vore & the 
Editors of LIFE); Sept., 76A. 

Principles & Applications Pa Aquatic Micro- 
biology (H. Heukelekian & N. C. Dondero, 
eds); Sept., 357A. 

Principles in M ammalogy (D. E. Davis & F. 

- Golley?; March, 98A. 

Principles of Angiosperm Tazonomy (P. H. 
Davis & V. H. Heywood); June, eu 

Principles of Fluid Mechanics (W. H. Li & 

Lam); Sept., 360A. 

Principles of General Thermodynamics (G. N. 
Hatsopoulos & J. H. Keenan); Dec., 500A. 

Principles of Physical Geology (A. Holmes); 
Deo., 88A. 

ens cf Radiation Protection (G. E. 
Eaves); June, 251A. 

Pringle, J. W. S.; ed.; Dec., 466A. 

Problems of the Biochemistry of the Nervous 
System (A. V. Palladin, ed.); March 112A. 

Proceedings of ihe 4th I nternational Seaweed 
Symposium, Biarritz 1961 (A. D. DeVirville 
& J. Feldmann, eds.); March, 120A. 

Process Control (P. Hariott); March, 187A. 

Progress in d hed Chemistry (F. À. Cotton, 
ed.); Sept., 368A. 

Progress in isotope Geology (D. Rankama); 
March, 138A. 


Progress in Nuclear Physics, Vol. 9 (O. R. 
Frisch, ed.) ; Sept., 348A. 

Progress in Solid-State peeks Vel (H. 
Reiss, ed.); March, 105A; June, '2 

Progress in ‘Solid-State Chemistry, E I 
(H. Reiss, ed.); June, 254A. 

Protozoan Nutrition (R. P. Hall); Dec., 486A. 

Pullman, B., ed.; March, 116A (with P.-O. 
Lowdin). s 7 


Quantum Physics of Electronics (S. N. Levine); 
Dec., 500A. 


Radiation & Immune Mechanisms (W. H. 
Taliaferro et al.); Sept., 346A. 
Radiation Damage in Crystals (L. T. Chad- 
derton); Dec., 476A. 
Radioisotopic Pre Generation( W. 
Corliss & D. G. Harvey); Sept., 398A. 
Rahn, H., ed.; March, 139A. (with W. O. 
Fenn). 
Rankama, K.; March, 138A 
Rapport, S., ed.; Dec. 511A. (with H. Wright). 
Rational. Use of Dyes in Biology & General 
Staining Methods, The (E. Gurr); Dec., 
506A. 
Raup, D., ed.; Dec., 509A. (with B. Kummel). 
Raymont, J. E. G.; March, 70A. 
Reaction Heats & Bond Strengths (C. T. 
Mortimer); June, 208A. 
Readings in Mathematical Psychology, Vol. I 
D. Luce et al., eds.); March, 132A. 
Recent Progress in Surface Science, Vol. IT 
(J. F. Danielli, et al., eds.); June, 228A. 
Rectified Lunar Atlas, Supplement No. 2 to 
the Photographic Lunar Atlas (E. A. 
Whitaker et a Sept., 387A. 
Bee Groups (Exploration into Conform- 
y & Deviation of Adolescents) (M. Sherif 
wo. W. Sherif}; Sept., 353A. 
Refractory Metals '& [n II (M. Semehy- 
shen & I. Perlmutter, eds.); March, 122A. 
Regional ‘Geomorphology of the United States 
Thornbury); Dea 503A. 


Reiss, H `, ed.; March, 1 

Reiss, H., ; ed.; June, 254A. 

Rice, C. B. F.; March, 124A (with R. Stock). 
Relativistic Quantum. Mechanics (J. A 


Bjorken & S. D. Drell); March, 106A. 

Revision of The Characeae, A, Vol. IT; 
Iconograph of the Characeae (R. D. Wood & 
K. Tmahori); Sept., 392A. 


Richards, J. H.; Dec., 499A. with J. B. Hen- 
drickson). 

ko SE R. 8.; Dec., 478A. (with C. Bone- 
Stell). 

Richmond, M. H., ed.; Dec., 504A. (with 
M. R. Pollock); 

Rittenhouse, D. A. (B. Hindle); June, 206A. 

Rockstein, M. , ed.; March, 102A. 


Rosen, A., ed.; June, 288A (with D. P. 
LeGalley). 

Rosen, B., ed.; June, 247A. 

Rosenfeld, IL; March, 139A (with O. A. 
Beath). 

Rosenthal, D.; June, 2 

Ross, S.; March, oa ith J. P. Oliver). 

Rossi, B.: ; Sept., 3 

Russell, F. S.; March, '96A. 


Sampling Systems Theory & Iis Application 
(Ya. Z. Tsypkin); June, 218A. 

Sandorfy, C.; June, 223A. 

Sato, H., ed.; June, 239A (with M. H. 
Francombe). 

Savory, T.; June, 232A. 

Saxen, a Tune, 257A (with S. Toivonen). 

Schiff, I., ed.; March, 104A (with R. 
Bt itai. 


521A 


La Science Coniemporaine, Les Sciences 

° Paveiqics et leurs Applications (R. Le- 
20-Rinquet, ed.); Sept., 374A. 

Sci en of Smell, The (R. Rt: ' Wright); June, 


rac Endeavor; Centennial Celebration of 
the Academy (National Academy of 
Sciences); Sept., 328A. 
Scientific Estate, The (D. K. Price); Dec., 525. 
Scientific Uncertainty, gna Information (L. 
Brillouin); March, 1 
St, 336A. 


Scott, R. B., et al, „eds; 

Seal, H ; Sept., 

[oy Law, The Tr Introduction to Classical 
& Statistical Thermodynamics (F. A. Bent); 
Sept., 375A. 

Selected Papers on Virology (N. Hahon, ed.); 
March, 110A. 

Selenium (Geobotany, Biochemistry, Toxicity, 
& Nutrition) (I. Rosenfeld & O. A. Beath); 
March, 139A. 

Semchyshen, M., 
Perlmutter). 

Senior, J. K.; June, 230A (with M. Hall, 


Jr). 

Sad & the Science of Painting (W. I. 
Homer); Sept., 330A. 

Shabat, B. V.; March, 129A (with B. A. 
Fuchs). 

e a G., ed.; March, 113A (with H. J. 


Sherif. C. W.; ; Sept., 353A (with M. Sherif). 

Sherif, M.; ; Sept., 353A (with C. W. Sherif). 

Shor, G. G., Jr., ed.; March, 122A. (with Tj. 
H. van Ande b. 

Shtern, V. Ya.; March, 112A. 

Shubnikov, A. V. March, 66A. (with N. V. 


Belov). 
Siegel, S.; June, 260A (with L. E. Fouraker 
et a) June, 260A. 
Sienko, M. J.; June, 258A. 
., ed.; Sept, 356A (with G. 


Sienko, uj 
Tepoutre), 

Simonyi, K.; March, 68A. 

Simpson, G. ; March, 79A. 

Simpson, M. E., Sept., "309A. 

Single-Crystal Films (M. H. Francombe & H. 
Sato, eds.) ; June, 239A. 

Sirks, M. "5 March, 109A (with C. Zirkle). 

Sisler, H. D., ed.; June, 216A (with M. K. 
Corbett). 

Solar Plasma, Geomagnetism & Aurora (S. 
Chapman); March, 110A. 
The Solar , System & the Constellations: A 
Guidebook (C. N. Anderson) ; Dec., 501A. 
Solar System Astrophysics (J. C. Brandt & P. 
Hodge); ime 220A. 

Sollberger, A ; Dec., 502A. 

Space Age Astronomy (in Astronomy High- 
lights) (K. L. Franklin); Sept., 330A. 

Space Exploration (D. P. LeGalley & J. W. 
McKee, eds.) ; June, 248A. 

Space Physics (D. B . LeGalley & A. Rosen, 
eds); June, 238A. 

Space Physics & Radio Astronomy (H. Messel 
& S. T. Butler, eds.) ; June, 204A. 

Spangenberg, K. R., ed.; Sept., 397A. 

Spiker, C., ed.; June, 244A (with L. P. 
Lipsitt). 

Spiken C. C., ed.; Dec. 482A. (with L. P. Lip 
sitt). 


Spinks, J. W. T.; June, 246A (with R. J. 


Sept., 367A. 

; March, 94A. 

Stahl, F. W.; March, 118A. 

Star Evolution (G. Polvani, ed.; L. Gratton, 
director); June, 263A. 

Stewart, R.; March, 116A. 
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ed.; March, 122A (with I- 


Spirin, A A. $4 


Stochastic Models in Medicine & Biology 
(J. Gurland, ed.); June, 254A. 

Stok E March, 124A (with C. B. F. 

ic 

Stoichiometry & Structure, Part Y (M. J. 
Sienko); June, 258A. 

Stotz, E. H., ed.; March, 129A (with M. 
Florkin). 

Strange World of Birds, The (J. Wakefield); 
March, 794. 

Stratigraphy & Life History (M. Kay & E. H. 
Colbert); Dec., 464A. 

Structure & Direction in Thinking (D. E. 
Berlyne); June, 299. 

Structure in Art & In Science Vol. YI in Vision 
a oon Series) (G. Kepes, ed.); Sept., 


Structure of Atmospheric Turbulence, The 
D i Lumley & H. A. Panofsky); Sept., 


Studies in Large Plastic Flow & Fracture with 
Special Emphasis on the Effects of Hydro- 
sialic Pressure (P. W. Bridgman); June, 

10A. 

Studies in Mathematical Psychology (R. C. 
Atkinson, ed.) ; March, 132A. 

Sun in Action, The (in Astronoty Highlights) 
(T. D. Nicholson); Sept., 3 

Sunspots (R. J. Bray & R. D Loughhead); 
Dec., 462A. 


ec RE 

Symbol Formation (H. Werner & B. Kaplan); 
March, 141A. 

Symposium on Photoelasticity (M. M. Frocht, 
ed.); March, 86A. 

Synchrony in Cell Division & Growth (E. 
Zeuthen, ed.); March 100A. 

Synchytrium (J. S. Karling); March, 102A. 


Takai, F. et al., eds. ; March, 84A. 

Taliaferro, W. H. ef al.; Sept., 346A. 

Tavolga, W. N., ed.; March, 124A. 

Tazonomic Biochemistry " "Serology (C. A. 
Leone, ed.) ; Sept., 3 

Tazima, Y.; June, DEIN 

Technology & Uses of ae Bye (R. B. 
Scott et al., eds.) ; Sept., 336A. 

Teilhard, see Chardin; June, 216A. 

Telemetry (R. E . Young); June, 261A. 

Theoretical & Mathematical Biology (T. H 
Waterman & H. J. Morewitz, eds.); Sept., 


Theory & Practice in Esperimental Bacte- 
riology (G. G. Meynell & E. Meynell); Dec., 
49. 


Theory & Practice of Scintillation Counting, 
The (J. B. Birks); Sept., 396A 

Thermal Degradation of Organic Polymers 
(S. L. Madorsky); June 237A. 

Thinking: From Association to Gestalt (J. M. 
Mandler & G. Mandler); June, 299. 

This View cnt Life: The World ue an Evolution- 
ist (G. G. Simpson); Maroh, 7 

Thomson, G.; Dec., 

Thomason, J. J., & E Cavendish Laboratory 
4n his Day (G. Thomson); Dec., 490A. 

Thornbury, W. D.; Dec., 503A. 

Thun, R. E., ed.; Dec., ry (with G. Hass). 

Time & the Stars Gn’ Astronomy Highlights) - 
(J. M. Chamberlain); Sept., 330A. 

Tinkham, M.; March, 119A. 

Tobacco Alkaloids & Related Compounds (U. S. 
Von Paler, ed.); Sept., 362A. 

Toivonen, S ; June, 257A {with L. Saxen). 

Tomkeieff, S: I., ed.; June, 262A (with M. H. 
Battey). 


Transition from Childhood to Adolescence, 
The; Cress-Cultural Studies of Initiation 
Ceremonies, Legal Systems & Incest Taboos 
(Y. A. Cohen); June, 234A. 

Treatise on Analytical Chemistry: A Com- 
prehensive Account in 3 Parts: Part I: 
Theory & Practice (I. M. Kolthoff & P. J. 
Elving, eds.); March, 130A. 

Tsypkin, Ya. Z.; June, 218A. 

Turpayev, T. M., ed.; Dec., 466A. 


Unified Theory of Nuclear Models (G. E. 
Brown); June, 242A. 

Universe & its Origin, The (H. Mesel & S. T. 
Butler, eds.) ; June, 204A. 

Universe of Time & Space, The e T. Bulter & 
H. Messel, eds.) ; June, 204A 


van Andel, Tj. H., ed.; March, 122A (with 
G. G. Shor, Jr.). 

van Wagenen, G.; Sept., 399A (with M. E. 
Simpson). 

View from a Distant Star, The: Man's Future 
in the Universe (H. Shpley (June, 288). 

Von Euler, U. S., ed.; Sept., 362A. 

von Mises, R.; Sept., 390A. 


Wakefield, J.; March, 79A. 

Wallace, L.; March, 140A (with F. 
Mosteller). 

Wallace, A. R.; March, 82A. 

Walker, E. P. et al.; Dec., 476A. 

Wang, C-8; 3; Maroh, 130A (with L-T Fan). 

Wann, T. W., ed.; June, 256A. 

Waterman, T. H., 'ed.; ; Sept., 388A (with H. J. 


Morowitz). 
; March, 126A (with M. L. 


Watson, K. M 
Cette reer” 

We are Not Alone: The Search for Intelligent 
Eve on Other Worlds (W. Sullivan); June, 


Weber, S.; June, 234A 
Weisskopf, V. F., ed.; ‘June 226A (with R. 


Kronig). 
March, 141A (with B. Kaplan). 


Werner, H.: 
Whistler, R L., ed.; June, 240A. 


Whitaker, E. A. et al.; Sept., 387A. 

Whitfield, I. C.; March, 92A. . 

Whittinghill, M.; Sept., 331A. 

Whyte, L. L.; June, 198A. "N. 

Wilbur, K. M., ed.; March, 96A (with C. M. 
Yonge). 

Wilkie, D.; March, 126A. 

ii Biology (R. F. Dasmenn); Sept., 


William Herschel & The Conairuction of the 
Heavens (M. A. Hoskin); June, 246A. 

Willier, B. H.; March, 98A (with J. M. 
Oppenheimer). 

Wind Waves: Their Generation & Propaga- 
tion on the Ocean Surface (B. Kinsman); 
Dec., 486A. 


Wolf, G.; June, 250A. 

Wollin, G.; March, 131A (with D. B. 
Erieson). 

Wood, R. D.; Sept., 392A (with K. M. 
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